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;  \ '  t* ••  I.    Introduction. 

'•^The  experimental  material  of  this  paper  consists  of  direct  measure- 
*.^ments  of  the  volume  of  twelve  liquids  at  different  temperatures  and 
pressures.  The  pressure  range  is  from  atmospheric  pressure  to 
12000  kgm.  per  sq.  cm.,  and  the  temperature  range  from  20°  to  80°. 
The  measurements  were  made  at  enough  points  to  determine  the 
volume  at  any  pressure  and  temperature.  These  data  are  presented 
in  the  first  part  of  the  paper.  The  second  part  of  the  paper  contains 
a  discussion  of  a  number  of  quantities  of  thermodynamic  significance 
which  have  been  computed  from  the  data  of  the  first  part.  The 
discussion  is  concerned  only  with  the  more  important  thermodynamic 
properties,  namely  the  isothermal  compressibility,  thermal  expansion, 
work  of  compression,  heat  of  compression,  change  of  internal  energy, 
and  the  specific  heats  at  constant  pressure  and  constant  volume. 

Apparently  the  only  other  work  of  similar  character  at  even  com- 
paratively high  pressures  is  that  of  Amagat,^  published  in  1893. 
Amagat  measured  the  volume  of  twelve  liquids  up  to  3000  kgm.  and 
between  0°  and  40°  or  50°.  Beside  the  volume  he  tabulated  the 
compressibility,  dilatation,  and  pressure  coefficient  for  some  of  the 
liquids,  but  the  tabulation  was  by  no  means  systematic  or  complete. 

It  is  hoped  that  the  material  in  this  paper  will  atford  the  means  for 
a  renewed  attack  on  the  problem  of  the  nature  of  the  mechanism  of 
a  liquid.  Theoretical  speculation  has  been  concerned  hitherto  chiefly 
with  phenomena  of  liquids  at  low  pressures,  such  as  the  latent  heat 
of  evaporization  or  the  surface  tension.  At  high  pressures  there  are 
effects  of  another  order,  just  as  significantly  descriptive  ot  the  internal 
mechanism,  but  as  yet  hardly  touched  by  speculation.  The  data  of 
this  paper  cover  four  times  any  previous  pressure  range,  and  should 
be  sufficient  to  show  the  general  nature  of  high  pressure  effects. 
Purthennore,  the  systematic  presentation  of  different  thermody- 
namic properties  should  afford  different  points  of  view  for  the  attack. 

The  actual  state  of  affairs  at  high  pressures  was  found  to  be  exceed- 
ingly complicated,  contrary  to  what  we  might  expect.  We  might 
suppose  that  the  molecules  would  become  so  closely  packed  at  high 
pressure  as  to  allow  less  variety  in  their  response  to  external  changes,  so 
that  a  liquid  would  approximate  to  a  solid,  in  which  compressibility 
and  expansion  change  only  slightly  with  pressure  and  temperature. 
A  hypothesis  of  this  character,  backed  up  it  is  true  by  some  experi- 

1  Amagat,  Ann.  Chim.  et  Phys.,  29,  68-208  (1893). 
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mental  evidence,  has  been  made  the  basis  of  a  recent  empirical  theory 
of  liquids  by  Tammann,'  who  assumes  that  at  high  pressures  varia- 
tions in  thermal  expansion  due  to  changes  of  temperature  ought  to 
become  vanishingly  small.  Such,  however,  is  by  no  means  the  case, 
but,  on  the  contrary,  at  high  pressures  the  thermal  expansion  varies 
with  temperature  in  a  more  complicated  way  than  at  atmospheric 
pressure. 

The  irregularity  of  the  effects  at  high  pressures  makes  it  evident 
that  a  complete  theory  of  liquids  must  be  very  complicated.  The  first 
step,  therefore,  toward  a  theory  would  be  to  explain  only  the  general 
features.  With  this  in  mind,  the  average  of  the  various  thermo- 
dynamic properties  over  the  entire  temperature  range  has  been  com- 
puted for  each  liquid.  To  facilitate  comparison,  the  average  of  any 
one  property,  compressibility  for  example,  is  shown  on  the  same 
diagram  for  all  twelve  liquids.  One  would  expect  to  turn  at  first 
to  these  collected  diagrams  in  seeking  light  on  a  theory  of  liquids. 

In  this  paper  no  attempt  has  been  made  at  the  very  considerable 
task  of  developing  a  quantitative  theory  to  represent  the  data. 
The  results  suggest  very  strongly  in  some  cases,  however,  that  con- 
ceptions of  the  mechanism  of  a  liquid  which  may  be  adequate  at  low 
pressures  can  no  longer  be  adequate  at  high  pressures.  For  instance, 
we  shall  probably  have  to  modify  our  ideas  of  the  mechanism  account- 
ing for  pressure  and  temperature.  Some  discussion  is  given  of  modi- 
fications that  may  be  necessary,  and  in  several  cases  it  is  shown  that 
the  proposed  modifications  are  competent  to  explain,  at  least  qualita- 
tively, the  complicated  effects  found  at  high  pressures. 

A  preceding  paper  on  water'  is  very  similar  to  the  present  one  in 
the  scope  of  its  measurements  and  computations.  The  hope  was 
expressed  in  the  introduction  to  that  paper  that  the  projected  study 
of  twelve  liquids  (that  b,  this  paper)  would  show  what  we  might  ex- 
pect of  a  normal  liquid,  and  that  the  results  for  water  might  then 
be  compared  with  these  results,  and  yield  information  about  the 
abnormalities  of  water.  This  hope  now  appears  to  have  been  un- 
founded because  no  liquid  is  really  normal  at  high  pressures;  all  show 
individual  peculiarities.  It  is  true,  nevertheless,  that  at  high  pres- 
sures these  twelve  liquids  do  become  more  nearly  alike  in  a  general 
way,  and  that  water  becomes  increasingly  like  them.  In  many 
cases  it  will  be  found  instructive,  therefore,  to  compare  the  properties 
of  water  at  high  pressures  with  those  of  the  liquids  of  this  paper. 

2  Tammann,  Ann.  Phys..  37,  975-1013  (1912) 

3  Bridgman,  These  Proceedings,  48,  307-362  (1912). 
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The  initial  abnormalities  of  water  have  such  a  far-reaching  effect, 
however,  up  to  6000  kgm.,  that  it  seemed  desirable  not  to  include 
water  directly  in  the  same  diagrams  with  the  other  liquids. 

The  apparatus  and  the  experimental  method  are  in  large  measure 
the  same  as  were  used  in  the  preceding  work  on  water,  and  will  not 
be  described  again  in  any  detail.  The  methods  of  computation, 
however,  are  somewhat  different,  and  are  discussed  at  some  length. 
It  is  impossible  to  give  the  original  data  because  of  lack  of  space. 
However,  a  few  sample  curves  of  the  original  data  are  given,  and 
the  average  error  of  the  compressibility  and  the  expansion  measure- 
ments is  stated  for  each  Uquid. 

The  liquids  used  are  with  two  exceptions  the  same  as  those  used 
by  Amagat.  This  choice  of  liquids  has  two  advantages.  In  the  first 
place,  the  present  method  does  not  give  accurate  results  at  the  very 
lowest  pressures,  so  that  it  is  desirable  to  supplement  the  measure- 
ments with  others  at  low  pressures.  For  this  purpose  the  values  of 
Amagat  for  the  change  of  volume  between  atmospheric  pressure  and 
500  kgm.  have  been  used.  And  in  the  second  place,  it  was  not  desired 
to  complicate  this  study,  which  is  concerned  with  the  liquid  only, 
by  the  possibility  of  freezing  under  pressure.  The  freezing  points  of 
all  the  liquids  used  here  are  very  low.  It  was  hoped,  therefore,  that 
none  of  them  would  freeze  under  pressure  at  the  temperatures  of  this 
investigation.  The  anticipation  of  no  freezing  was  justified  except 
in  the  case  of  acetone,  which,  however,  froze  at  such  high  pressures 
that  it  was  not  necessary  to  discard  it. 

Comment  should  perhaps  be  made  on  the  very  extensive  use  of 
diagrams  instead  of  tables.  A  table  is  capable  of  greater  accuracy 
than  a  diagram,  but  a  diagram  has  the  advantage  of  presenting  a 
large  collection  of  results  in  a  form  immediately  grasped.  By  the  use 
of  diagrams  with  fine  rulings,  the  attempt  has  been  made  to  combine 
the  general  grasp  afforded  by  a  diagram  with  the  accuracy  of  a  table. 
In  most  cases  the  numerical  values  may  be  read  directly  from  the 
diagrams  within  the  limits  of  experimental  accuracy.  The  only 
•exception  is  for  the  fundamental  data,  volume  against  pressure  and 
temperature,  for  which  tables  have  been  given  to  four  significant 
figures.  The  diagrams  accompanying  these  tables  are  quite  second- 
ary in  importance,  giving  merely  a  general  survey  of  the  trend  of  the 
Jesuits. 

A  brief  indication  of  the  plan  of  presentation  may  be  helpful  to  the 
reader.  The  apparatus  and  the  experimental  method  are  first 
briefly  described,  indicating  the  points  of  departure  from  the  previous 
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work  on  water  (pages  7  to  18).  Then  the  methods  of  computa- 
tion are  taken  up  in  detail,  describing  in  succession  the  method  used 
for  each  one  of  the  thermodynamic  properties  (pages  18  to  37). 
A  somewhat  detailed  analysis  of  the  data  for  each  liquid  is  next 
given,  including  any  special  features  of  the  experiment  for  that  liquid, 
the  experimental  error,  and  the  source  and  probable  accuracy  of  data 
by  other  observers  which  have  been  used  in  the  computations  (pages 
37  to  74).  Here  are  included  the  fundamental  data  for  each 
liquid,  that  is,  the  tables  and  diagrams  of  volume  against  pressure 
and  temperature.  The  various  thermodynamic  properties  are  then 
discussed,  with  comments  on  the  peculiarities  of  the  individual 
liquids,  and  on  the  general  features  conunon  to  them  all  (pages  74 
to  104).  The  diagrams  for  this  general  discussion  are  given  on 
folders  at  the  end  of  the  paper,  all  the  diagrams  for  any  one  property 
being  collected  on  one  sheet.  It  is  hoped  that  this  arrangement  will 
produce  less  confusion  in  the  text,  and  at  the  same  time,  permit  a 
more  ready  general  survey  of  the  facts.  Finally,  there  is  given  on 
pages  104  to  113,  a  discussion  of  the  bearing  of  the  results  on  previous 
theories,  and  of  the  possible  effects  on  our  ideas  of  what  the  actual 
mechanism  of  a  liquid  may  be. 

II.    Experimental  Method. 

The  method  is  essentially  similar  to  that  used  in  the  preceding 
work  on  water.  As  in  the  earlier  work,  so  here,  the  liquid  under 
investigation  is  placed  in  a  cylinder  closed  by  a  piston  which  moves 
absolutely  without  leak.  The  pressure  on  the  liquid  may  be  varied 
by  changing  the  position  of  the  piston,  and  the  temperature  may  be 
varied  by  altering  the  temperature  of  the  surrounding  bath.  The 
volume  is  found  directly  by  measuring  the  position  of  the  pbton  in 
the  cylinder.  The  fundamental  data  to  be  obtained  with  the  appara- 
tus are  the  values  of  the  volume  as  a  function  of  pressure  and  tempera- 
ture at  a  sufficient  number  of  points  to  allow  the  calculation  of  the 
volume  at  any  temperature  and  pressure  within  the  range. 

In  actual  use  the  simple  procedure  suggested  above  is  complicated 
by  the  necessity  of  introducing  the  instrument  for  measuring  the  pres- 
sure into  the  same  cylinder  with  the  liquid  under  investigation. 
The  pressure  in  these  experiments  was  measured  with  a  coil  of  man- 
ganin  wire,  the  changes  in  the  resistance  of  which  give  the  pressure  by 
a  previous  calibration.^    Although  this  manganin  gauge  is  compact 

4  Bridgman,  These  Proceedings,  47,  319-438  (1911). 
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and  simplcj  its  use  introduces  complications,  because  it  must  come  in 
contact  only  with  a  liquid  that  is  an  insulator.  The  water  of  the 
preceding  paper  and  nearly  all  the  twelve  liquids  of  this  are  not 
insulators.  Some  auxiliary  liquid  must  be  used  therefore,  to  transmit 
pressure  to  the  manganin  coil.  Kerosene  has  shown  itself  perfectly 
adapted  to  the  purpose,  and  has  been  used 
in  all  this  work.  In  the  former  work  on 
water,  the  kerosene  and  water  could  be  al- 
lowed to  come  directly  in  contact  with  each 
other,  but  in  this  investigation,  nearly  all  the 
Uquids  are  more  or  less  miscible  with  kero- 
sene, so  that  means  had  to  be  provided  to 
prevent  the  liquid  imder  investigation  from 
coming  into  contact  with  the  kerosene.  This 
necessitated  slight  changes  in  the  design  of 
the  apparatus,  and  the  use  of  still  a  third 
Uquid,  mercury,  to  keep  the  liquid  and  the 
kerosene  from  direct  contact.  The  modified 
receptacle  for  holding  the  liquid  is  shown 
in  Figure  1.  The  liquid  is  enclosed  in  a  steel 
bulb  A,  the  stem  of  which  dips  into  the  cup 
B  containing  mercury.  The  cup  B  is  bored 
out  at  the  lower  end  so  as  to  protect  the 
manganin  pressure  gauge,  which  is  shown  at 
C.  The  bulb,  cup,  and  gauge  together  oc- 
cupy the  lower  part  of  the  pressure  cylinder* 
In  order  to  obtain  as  large  a  quantity  as 
possible  of  the  liquid  to  experiment  on  the 
diameter  of  the  bulb  etc.  was  made  larger 
than  that  of  the  moving  piston  (4  J  inch 
against  ^  inch).  To  allow  this  the  cylinder 
had  to  be  bored  out  at  the  lower  end  to  the 
larger  diameter.  In  other  respects  the  cylin- 
der is  similar  to  that  used  for  water,  in  fact  it  is  the  same  cylinder, 
the  only  change  being  the  enlargement  of  the  lower  part  to  meet 
the  new  requirements. 

The  final  form  of  receptacle  shown  in  Figure  1  was  arrived  at  only 
after  a  considerable  number  of  failures.  Early  attempts  to  use  glass 
cylinders,  which  from  the  point  of  view  of  purity  would  be  more 
desirable,  had  to  be  abandoned  because  of  the  invariable  fracture  of 
the  glass.    This  is  doubtless  because  kerosene  under  pressure  becomes 
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Figure.  1.  The  com- 
pressibility bulb  with 
attachments.  A  is  the 
bulb  containing  the  liq- 
uid under  investigation, 
B  the  mercury  cup,  and 
C  the  insulating  plus 
and  the  manganm  ecu 
with  which  pressure  is 
measured. 
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SO  viscous  as  not  to  transmit  small  changes  of  pressure  hydrostatic- 
ally  immediately  after  changes  in  the  position  of  the  piston.  The 
enormously  increased  viscosity  both  of  the  kerosene  and  of  the 
liquid  under  investigation  within  the  bulb  afforded  the  only  satis- 
factory explanation  of  many  of  the  capricious  misfortunes  of  the 
preliminary  work.  For  instance,  in  the  early  work  the  bulb  was 
closed  at  the  upper  end  by  a  cap  put  on  with  soft  solder.  Several 
times  after  the  application  of  pressure  this  soft  solder  was  found  eaten 
away  by  the  mercury.  The  only  apparent  way  in  which  this  could 
happen  would  be  by  the  liquid  (ethyl  alcohol  in  the  preliminary 
investigations)  becoming  so  viscous  as  to  crack  as  the  volume  de- 
creases with  rising  pressure,  thus  allowing  the  mercury  to  rise  through 
the  cracks  from  below.  Another  very  troublesome  effect  in  the 
preliminary  work  was  the  frequent  short  circuiting  of  the  manganin 
coil  by  small  drops  of  mercury.  These  were  probably  forced  out 
of  the  cup  by  the  viscous  motion  of  the  kerosene  during  changing 
pressure.  The  difficulty  was  avoided  by  making  the  lower  part  of 
the  mercury  cup  in  the  form  of  a  protecting  cap  for  the  manganin 
coil,  and  by  enlarging  the  channels  of  communication  between  the 
cup  and  the  bulb  from  the  kerosene  to  the  mercury.  It  was  found 
also  that  it  was  necessary  to  give  the  bulb  fairly  thick  walls.  Other- 
wise, when  pressure  is  relieved,  the  bulb  expands  under  the  viscous 
motion  of  the  fluid  inside  and  tightly  fills  the  cylinder.  Furthermore, 
the  bulb  must  not  fit  the  cylinder  too  closely,  for  otherwise  the  pres- 
sure is  not  transmitted  rapidly  enough  to  the  interior  of  the  bulb, 
which  may  thereby  become  collapsed  at  the  upper  end.  Still  again, 
the  upper  end  of  the  bulb  must  be  provided  with  radial  grooves  to  give 
access  from  the  lower  to  the  upper  part  of  the  cylinder,  or  else 
when  pressure  is  released,  the  entire  bulb  rises  with  the  viscous 
kerosene  against  the  ledge  on  the  cylinder,  acting  effectively  as  a 
valve  which  permits  only  comparatively  slow  release  of  pressure, 
with  the  result  that  eventually,  when  pressure  is  released,  the  top 
is  blown  off  the  bulb  and  forced  into  the  smaller  bore  of  the  cylinder 
above. 

It  must  be  a  matter  of  experiment  to  find  the  dimensions  for  any 
particular  piece  of  apparatus  which  will  avoid  all  these  difficulties. 
Complete  success  was  attained,  however;  the  last  twenty  out  of 
a  total  of  twenty-four  runs  being  completed  without  accident  of  any 
kind. 

Although  the  method  outlined  above  is  exceedingly  simple,  yet  there 
are  evidently  a  number  of  corrections  for  the  dbtortion  of  the  steel 
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containing  vessel  and  for  the  auxiliary  liquid. .  These  corrections  have 
been  discussed  in  great  detail  in  the  preceding  paper  on  water.  The 
corrections  to  be  used  in  this  paper  are  exactly  similar  to  the  former 
ones,  with  the  exception  of  the  correction  for  the  effect  of  the  mercury. 
It  will  be  recalled  that  two  sets  of  measurements  are  necessary  to 
obtain  all  the  data  needed  in  making  the  corrections;  the  first  is  with 
the  steel  bulb  filled  with  the  liquid  under  investigation,  and  the  second 
with  the  liquid  and  bulb  replaced  by  a  cylinder  of  Bessemer  steel. 
The  quantities  of  kerosene  are  approximately  the  same  in  the  two 
sets  of  measurements.  If  the  quantity  of  mercury  used  in  the  two 
sets  were  exactly  the  same,  it  would  not  be  necessary  to  apply  any 
correction  for  it,  but  since  it  was  not  easy  to  use  exactly  the  same 
quantity,  a  correction  for  the  difference  had  to  be  applied.  This  cor- 
rection was  exceedingly  small,  being  merely  the  change  with  pressure 
and  temperature  of  the  small  difference,  and  could  be  obtained  with 
sufficient  accuracy  for  this  purpose  from  measurements  already  made 
on  mercury  up  to  12000  kgm.  at  0®  and  20°.*  The  variation  of 
compressibility  and  dilatation  with  temperature  is  so  small  at 
high  pressures  that  it  is  perfectly  safe  to  extrapolate  to  80°.  The 
quantities  of  mercury  in  the  two  determinations  seldom  differed  by 
as  much  as  0.3  gm.,  in  which  case  the  correction  can  be  entirely 
neglected. 

The  altered  design  of  the  containing  vessel  made  necessary  a  modi- 
fication of  the  procedure  in  filling  the  cylinder  ready  for  a  run.  The 
bulb  was  filled  by  boiling  the  liquid  into  it  at  reduced  pressure  at 
room  temperature.  During  the  filling  the  liquid  came  into  contact 
with  a  gum  stopper  for  a  few  seconds.  The  bulb  was  then  discon- 
nected from  the  air  pump,  and  gently  warmed  by  holding  it  in  the 
hands,  thus  forcing  a  slight  quantity  of  liquid  out  of  the  stem.  After 
the  bulb  had  come  to  the  temperature  of  the  hand,  the  outside  was 
carefully  wiped  dry,  and  the  stem  inmiediately  inverted  into  the  cup 
of  mercury.  In  this  way  the  complete  exclusion  of  all  air  bubbles 
was  ensured.  After  the  bulb  had  once  more  come  to  the  temperature 
of  the  room,  the  combined  weight  of  the  filled  bulb,  mercury,  and  steel 
cup  was  found.  The  weight  of  the  liquid  in  the  bulb  can  then  be 
found  immediately  by  subtracting  the  known  weight  of  the  mercury, 
cup,  and  bulb.  The  quantity  of  the  liquid  used  in  the  majority  of 
the  experiments  was  about  12  c.  c.  The  mercury  cup  with  the  bulb 
still  in  place  was  now  slipped  over  the  manganin  resistance  coil, 

*  Bridgman,  These  Proceedings,  47»  319-438  (1911). 
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-and  the  coil,  mercury  cup,  and  the  liquid  under  investigation  were 
inserted  together  into  the  cylinder.  This  naturally  had  to  be  done 
from  below,  and  for  this  purpose  the  cylinder  was  held  vertical  during 
this  operation  in  a  special  vise,  projecting  at  right  angles  from  the  wall. 
The  packing  and  the  retaining  screw  were  also  inserted  while  the 
cylinder  was  in  this  position.  The  cylinder  was  now  filled  with  a 
weighed  quantity  of  kerosene  through  the  open  upper  end.  This 
filling  widi  kerosene  was  accomplished  in  two  operations;  first, 
half  of  the  kerosene  was  poured  in,  and  all  air  extracted  from  the 
lower  part  of  the  cylinder  by  gently  exhausting  it,  and  then  the  re- 
mainder of  the  kerosene  was  poured  in.  The  moveable  plug  was  then 
inserted,  with  special  care  not  to  spill  any  kerosene,  and  finally  the 
cylinder,  kept  always  upright,  was  put  in  position  in  the  lower  part  of 
the  press.  After  a  run  the  bulb  was  cleaned  for  the  next  run  by 
heating  it  nearly  to  redness.  That  the  cleaning  was  thorough  was 
shown  by  the  constancy  of  weight  of  the  bulb,  which  seldom  varied 
more  than  one  milligram  from  experiment  to  experiment. 

The  essential  idea  of  the  experimental  method  remains  the  same  as 
in  the  work  on  water,  but  there  are  slight  modifications.  The  purpose 
is  to  obtain  by  direct  measurements  the  change  of  volume  with  pres- 
sure over  the  entire  pressure  range  at  some  one  constant  temperature, 
and  then  by  another  independent  set  of  measurements  to  obtain  the 
change  of  volume  with  temperature  over  the  entire  temperature  range 
at  a  sufficient  number  of  pressures  to  completely  cover  the  field. 
This  method  has  a  distinct  advantage  over  that  employed  by  Amagat, 
for  example.  Amagat  obtained  the  volume  as  a  function  of  pressure 
and  temperature  by  measuring  the  change  of  volume  with  pressure 
isothermally  at  a  number  of  temperatures.  This  has  the  disadvantage 
that  the  thermal  dilatation  can  be  found  only  by  taking  the  difference 
of  compressibility  determinations  at  different  temperatures.  Obvi- 
ously this  makes  it  necessary  to  measure  the  compressibility  with  a 
much  greater  degree  of  accuracy  than  the  desired  final  accuracy  of 
the  dilatation,  and  this  is  a  difficult  matter  to  accomplish.  But  the 
present  method  gives  both  compressibility  and  dilatation  with  the 
accuracy  to  be  expected  of  direct  measurements. 

The  procedure  in  measuring  the  change  of  volume  with  pressure 
at  constant  temperature  was  the  same  as  in  the  work  on  water.  The 
temperature  chosen  for  this  determination  was  40®,  because  it  is 
the  same  as  was  used  for  water.  Reference  is  made  to  the  former 
paper  for  the  details  of  manipulation.  In  order  to  cover  completely 
the  pressure  range,  it  was  necessary  to  make  the  readings  in  two  series. 
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one  at  lower  pressures  up  to  2000  kgm.,  and  the  second  between  2000" 
kgm.  and  the  maximum,  12000  kgm.  A  similar  method  was  found 
necessary  in  the  previous  work  on  wa'ter.  The  reason  for  this  is  that 
at  high  pressures  the  moveable  piston  takes  a  permanent  set,  and 
moves  with  extreme  friction  against  the  sides  of  the  cylinder.  The 
result  is  that  if  the  pressure  has  once  been  pushed  to  the  maximum  the 
piston  will  not  return  far  enough  to  reach  the  low  pressures  again. 
The  lowest  pressure  that  it  was  possible  to  reach  after  the  maximum 
varied  somewhat,  but  was  usually  in  the  neighborhood  of  1000  kgm. 
In  order  completely  to  cover  the  field,  therefore,  two  sets  of  experi- 
ments were  necessary,  one  for  the  high  and  the  other  for  the  low 
pressures.  To  make  the  results  comparable,  the  low  pressure  meas- 
urements were  carried  some  distance  into  the  high  pressure  domain, 
the  upper  limit  of  the  low  pressure  measurements  being  about  2000 
kgm. 

The  chief  variation  from  the  method  of  the  earlier  work  is  in  finding 
the  thermal  expansion.  The  method  of  the  earlier  work  involved 
two  steps.  The  first  was  to  change  the  temperature  at  constant 
volume.  This  change  of  temperature,  if  it  were  an  increase,  produced 
as  a  secondary  effect  a  rise  of  pressure.  The  second  step  was  to  lower 
the  pressure  to  the  original  value  preparatory  to  the  next  change  of 
temperature.  The  withdrawal  of  the  piston  necessary  to  effect  this 
lowering  of  pressure  was  always  attended  by  slight  irregularities; 
apparently  the  piston  does  not  begin  its  regular  march  imtil  after 
some  slight  motion  has  taken  place.  So  that  although  perfect  regu- 
larity was  found  in  the  larger  motions  of  the  piston  of  the  compressi- 
bility determinations,  yet  the  initial  irregularity  was  suflScient  to  be 
disturbing  with  the  smaller  motions  accompanying  the  temperature 
changes.  The  diflSculty  was  avoided  by  keeping  the  piston  constant 
in  position  during  a  series  of  temperature  changes,  and  allowing  the 
pressure  to  vary  accordingly.  The  variation  of  pressure  for  a  change 
of  temperature  of  60®,  from  20®  to  80°,  was  about  1000  kgm.  at  the 
highest  pressures,  and  proportionally  less  at  the  lower  pressures. 
Temperature  measurements  were  made  at  six  values  of  the  average 
pressure  with  the  apparatus  set  up  for  the  higher  pressures,  above 
2000  kgm.,  and  at  two  mean  pressures  with  the  apparatus  set  up  for 
the  lower  pressures,  below  2000  kgm.  Readings  were  made  at  20® 
intervals,  as  in  the  work  on  water.  At  2000  kgm.,  for  example,  the 
temperature  was  raised  from  20°  to  40°  and  the  increase  of  pressure 
noted,  then  to  60°  and  the  increase  of  pressure  noted  again,  and 
finally  from  60°  to  80°  and  once  again  the  increase  of  pressure  noted^ 
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The  pressure  was  then  increased  at  80®  to  the  next  higher  value,  about 
3500  kgm,,  and  the  corresponding  set  of  measurements  made  at  20® 
intervals,  this  time  with  decreasing  temperature.  The  other  four 
sets  of  readings  were  made  in  a  similar  way.  The  highest  pressure 
reached,  on  the  last  reading  at  80®,  was  about  12500  kgm.  From  here 
the  temperature  was  decreased,  so  that  the  final  reading  at  20®  was 
made  at  a  pressure  of  about  11500  kgm.  Here  is  an  incidental  ad- 
vantage of  the  modified  method  of  making  the  expansion  measure- 
ments, because  mercury  solidifies  at  20°  at  less  than  12000  kgm., 
so  that  if  the  former  method  had  been  used  a  smaller  value  of  the 
mean  maximum  pressure  would  have  been  necessary  for  the  last  read- 
ing at  20®.  Of  course  the  modified  method  necessitates  a  slight 
change  in  the  method  of  making  the  computations,  which  will  be 
described  later. 

All  the  measurements  on  each  of  the  liquids  were  repeated  to  ensure 
greater  accuracy.  The  measurements  were  made  in  two  series;  all 
twelve  liquids  were  first  measured,  and,  except  for  the  preliminary 
experiments,  no  repetitions  made  until  at  least  one  set  of  readings 
had  been  made  for  each  liquid.  This  has  the  advantage  of  separating 
the  measurements  on  any  one  liquid  by  a  considerable  interval  of 
time,  and  thereby  eliminating  any  possible  effect  of  temporary  varia- 
tions in  the  apparatus.  Duiing  the  first  extended  series  of  readings 
the  two  sets  of  readings  for  each  liquid  at  high  and  low  pressures  were 
made  with  two  separate  fillings  of  the  apparatus.  At  the  lower 
pressures  the  viscosity  effects  do  not  play  any  part,  so  that  it  was  not 
necessary  to  leave  so  large  a  space  between  the  bulb  and  the  walls  of 
the  cylinder  as  was  necessary  for  the  higher  pressures.  In  this  way 
a  larger  bulb  could  be  used  at  the  lower  than  at  the  higher  pressures, 
so  that  somewhat  greater  sensitiveness  could  be  obtained  at  the  lower 
pressures  because  of  the  greater  quantity  of  liquid.  But  this  made 
it  necessary  to  take  the  apparatus  apart  after  the  set  of  readings  at 
low  pressures,  and  replace  the  larger  bulb  by  the  smaller  one  for  the 
run  at  high  pressures.  This  made  considerable  trouble,  which  did 
not  seem  adequately  compensated  by  the  somewhat  greater  accuracy, 
so  that  in  the  repetition  of  the  experiment  the  readings  at  the  high 
and  low  pressures  were  all  made  with  the  same  filling  of  the  apparatus. 
The  readings  at  low  pressures  were  made  before  the  readings  at  high 
pressures,  and  so  before  the  piston  had  been  upset. 

The  final  detailed  procedure  was  as  follows.  The  readings  at  low 
pressures  were  made  first.  It  is  not  necessary  to  describe  them  in 
detail  as  they  were  similar  to  the  readings  at  the  higher  pressures,  the 
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only  difference  being  that  no  seasoning  precautions  were  taken.  At 
high  pressures  the  thermostat  was  first  adjusted  to  40®,  and  then  the 
cylinder  seasoned  over  the  entire  pressure  range  by  advancing  the  pres*- 
sure  to  the  maximum  and  releasing  it  three  times.  The  details  of  the 
seasoning  process  are  described  in  the  former  paper.  The  compressi- 
bility measurements  at  40®  were  then  made.  Readings  were  taken 
both  at  increasing  and  decreasing  pressures,  so  as  to  correct  for  hy- 
steresis. The  range  of  these  measurements  was  from  2000  to  12000* 
kgm.,  returning  after  the  complete  set  of  readings  to  the  initial  pres- 
sure of  2000  kgm.  Next,  the  cylinder  was  seasoned  for  the  thermaT 
expansion  readings  by  advancing  the  pressure  to  11500  kgm.  raising^ 
the  temperature  to  80®  at  constant  volume,  releasing  the  pressure 
to  2000  kgm.  at  80®,  and  finally  reducing  the  temperature  to  20®.  The 
thermal  expansion  measurements  were  then  made  by  the  method 
already  described. 

In  the  later  form  of  procedure,  in  which  the  effects  at  high  and  low 
pressures  were  measured  with  the  same  set-up,  all  the  measurements 
at  the  low  pressures  and  the  isothermal  compressibility  at  40®  were 
made  on  the  same  day;  on  the  next  day  the  thermal  dilation  at  six 
mean  pressures  was  measured,  and  the  apparatus  taken  down  and  set 
up  again  with  a  new  liquid  ready  for  another  run  on  the  next  day. 

By  the  use  of  large  reservoirs  of  hot  water  and  by  nearly  emptying 
the  thermostat  at  every  change  of  temperature,  it  was  possible  to 
make  the  readings  with  changing  temperature  fairly  rapidly,  the 
elapsed  time  between  readings  at  successive  temperatures  being 
about  fifteen  minutes.  A  much  longer  time  than  this  would  have 
been  necessary  to  secure  temperature  equilibrium  throughout  the 
mass  of  the  cylinder  if  a  special  device  had  not  been  adopted.  Thb 
consisted  in  running  the  temperature  past  the  final  value,  and  then 
returning  to  it.  Thus,  let  us  suppose  that  the  temperature  was  to 
be  changed  from  20®  to  40®.  Water  was  drawn  from  the  thermostat 
and  enough  hot  water  poured  in  to  raise  the  temperature  to  45®,  and 
not  until  the  lapse  of  several  minutes,  the  exact  time  to  be  determined 
by  experiment,  was  the  temperature  reduced  to  40®  and  the  regulator 
set  at  this  final  value.  After  some  practise  it  was  possible  to  reach 
temperature  equilibrium  in  little  more  time  than  was  necessary  for 
the  manipulations  of  drawing  water  and  putting  in  fresh.  Readings 
were  never  made,  however,  until  at  least  three  minutes  had  elapsed 
without  change  of  pressure. 

The  actual  experiments,  after  the  preliminary  work,  occupied  four 
months,  from  February  through  May,  1912.    Many  of  the  early 
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measurements  are  due  to  the  assistance  of  Mr.  S.  L.  Gokhale.  During 
the  entire  time  there  was  no  change  in  the  internal  diameter  of  the 
cylinder  of  so  much  as  0.0001  inch.  To  ensure  further  that  there  was 
no  progressive  change  in  the  cylinder  during  the  measurements,  the 
comparison  measurements  with  the  liquid  replaced  by  Bessemer  steel 
were  made  at  five  intervals  during  this  time.  The  maximum  diver- 
gence of  any  of  these  readings  from  the  mean  was  only  0.5%,  better 
perhaps  than  would  at  first  be  expected  from  the  method. 

The  original  data  are  so  numerous  that  it  seemed  undesirable  to 
give  them  here  in  full.  Every  point  recorded  involves  six  readings, 
two  of  pressure  and  four  of  pbton  displacement.  On  the  average 
each  liquid  involved  140  points,  75  for  compressibility  and  65  for 
thermal  expansion.  This  makes  a  grand  total  of  12500  readings  in 
the  original  data.  It  was  thought  to  be  sufiScient  to  give  a  few 
sample  curves  of  complete  data,  and  to  state  for  each  liquid  the 
average  departure  from  the  mean  of  the  two  series  of  compressibility 
and  dilation  measurements.  The  average  departure  from  the  mean 
of  the  two  series  of  compressibility  measurements  for  the  twelve 
liquids  was  0.15%  of  the  maximum,  and  the  departure  from  the  mean 
of  the  thermal  expansion  measurements  was  2%.  The  changes  of 
volume  due  to  changes  of  pressure  are  much  greater  than  those  due 
to  temperature,  so  that  the  compressibility  measurements  determine 
the  final  accuracy  of  the  volume. 

In  regard  to  the  purity  of  the  liquids,  it  was  not  thought  necessary 
to  take  special  precautions,  i)ecause  the  properties  studied  here  are  not 
much  influenced  by  the  presence  of  impurities.  The  compressibility, 
for  example,  of  a  mixture  of  two  Uquids  of  small  concentrations  of  the 
one  in  the  other  is  an  additive  function  of  the  compressibility  of  the 
two  components.  An  example  of  this  fact  occiured  in  the  prelimi- 
nary work  on  ether.  The  first  measurements  were  made  with  the 
ether  enclosed  in  a  glass  bulb.  This  bulb  broke  on  the  application  of 
pressure  because  of  the  great  viscosity  of  the  kerosene.  The  com- 
pressibility measurements  of  this  preliminaiy  run  were  measurements, 
therefore,  on  a  mixture  of  ether  and  kerosene.  In  spite  of  the  fact 
that  this  ether  was  very  much  contaminated  the  result  showed  that 
the  compressibility  of  this  mixture  was  only  different  by  4%  from  what 
it  was  when  the  measurements  were  made  on  the  same  quantities 
of  ether  and  kerosene  prevented  from  mixing. 

The  liquids  used  were  obtained  from  Eimer  and  Amend.  They 
were  either  the  purest  manufactured  by  them,  or  else  Kahlbaum's 
purest.    It  was  to  be  expected  therefore,  that  only  slight  impurities 
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were  present,  and  that  the  errors  due  to  them  are  beyond  the  limits 
of  observational  error. 

Nine  months  after  the  completion  of  the  experiments,  the  remaining 
samples  were  subjected  to  a  rough  analysis  by  determining  the  boUing 
points.  If  the  liquid  b  pure,  the  boiling  point  should  remain  con- 
stant until  the  liquid  is  completely  boiled  away.  The  amoimt  by 
which  the  boiling  point  changes  during  evaporation  can  be  expected 
to  give  at  least  some  clue  as  to  the  amount  of  impurity  present.  (A 
substance  is  considered  good  enough  for  most  chemical  purposes  if  it  all 
boils  within  1®.]  Of  course  this  analysis  does  not  give  the  nature  of 
the  impurity  present,  nor  does  it  give  the  impurity  at  the  time  the 
experiment  was  performed.  During  the  nine  months  the  liquids 
were  left  tightly  corked,  but  there  can  be  no  question  that  some 
deterioration  had  gone  on  in  this  time,  so  that  the  liquids  were  all 
actually  better  than  is  indicated  by  the  analyses.  The  deterioration 
with  time  is  much  greater  for  some  liquids  than  for  others. 

The  fractionations  were  performed  by  Mr.  R.  H.  Patch  at  the 
Chemical  Laboratory  of  Harvard  University.  The  results  of  his 
examination  are  given  below.  It  should  be  noticed  that  the  tempera- 
ture readings  have  not  been  corrected,  so  that  all  they  can  show  is 
the  constancy  of  the  boiling  point,  not  its  absolute  value. 
Methyl  Alcohol  (Kahlbaum). 

93%  boQs  between  64.5°  and  65"*  C. 
7%    "  "     65°  and  65.8°  C. 

Free  from  ethyl  alcohol  and  acetone,  the  most  likely  impurities, 
and  was  neutral  to  litmus.  Excellent  sample.  (It  would  seem 
that  the  impurity  was  probably  water,  most  of  which  had 
probably  been  absorbed  while  standing,  as  the  stopper  was  not 
perfectly  tight). 
Ethyl  Alcohol  (Kahlbaum), 

3.8%  boUs  between  77.3°  and  77.8°  C. 
96.2%     "  "       77.8°  and  78.0°  C. 

The  sample  showed  some  suspended  inorganic  matter,  prob- 
ably iron  from  the  container.     (The  sample  had  been  standing 
for  the  nine  months  tightly  corked  with  a  cork  stopper  in  the 
tin  vessel  in  which  it  came  from  Kahlbaum).     With  this  excep- 
tion, and  admitting  the  presence  of  a  small  quantity  of  water 
the  sample  was  a  good  one. 
Propyl  Alcohol  (Kahlbaum). 
4.%  boils  below  96.°  C. 
96.%  boils  between  96.0°  and  96.8°  C. 
A  good  sample. 
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laobtdyl  Alcohol  (Eimer  and  Amend). 
7%  boib  below  105.8°  C. 
17%  boik  between  105.8°  and  107°  C. 
76%    "  "        107.0°  and  107.2°  C. 

Thus  93%  boils  within  1.4°,  a  good  sample. 

Amyl  Alcohol  (Kahlbaum,  Free  from  Pyridin). 
3%  boils  below  128.9°  C. 
89.5%  boils  between  128.9°  and  129.9°  C. 
7.5  boils  between  129.9°  and  130.0°  C. 

Sample  free  from  foreign  organic  matter  and  neutral  to  litmus. 
An  excellent  example. 

Ethyl  Ether  (Kahlbaum,  "  Sp.  gr,  0.720'*), 

The  whole  sample  boiled  between  34.5°  and  35.0°  C. 
Neutral  to  litmus,  free  from  aldehydes,  and  sulphur  com- 
pounds. 
Contained  some  water,  and  without  doubt  some  alcohol. 

Acetone  {Eimer  and  Ainend,     Marked  ^*  Pure'*), 
70.6%  boils  between  56°  and  57°  C. 
19.4%  boils  between  57°  and  58°  C. 
10%  boils  between  58°  and  59°  C. 

The  sample  left  a  dark  brown  residue  in  the  distillation  flask, 
probably  aldehydic  in  nature.  Free  from  water,  and  neutral 
to  litmus.  A  fair  sample.  (The  brown  color  developed  on 
standing;  at  the  time  the  experiment  was  performed,  the 
liquid  was  perfectly  colorless.) 

Carbon  Bisulphide  (From  the  store  room  of  the  Chemical  Laboratory), 
5%  boils  between  45.8°  and  46.°  C. 
95  boils  at  46.0°  C. 

The  sample  was  free  from  hydrogen  sulphide,  sulphuric  and 
sulphurous  acids,  but  contains  some  foreign  organic  sulphur 
compounds  and  left  a  yellowish  residue.  The  latter  always 
results  upon  allowing  the  liquid  to  stand,  especially  upon 
exposure  to  light.  (Here  again  the  color  had  developed  upon 
standing  during  the  nine  months.  At  the  time  of  the  experi- 
ment the  liquid  was  perfectly  colorless.) 

Phosphorus  Trichloride  {Eimer  and  Amend), 
True  boiling  point  is  78.3°  C. 
Sample  showed  no  constant  boiling  point. 
6.5°  boiled  below  77°  C. 
•      11.2%  boiled  between  77°  and  79°  C. 
17.9%  boiled  between  79°  and  80°  C. 
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of  the  slider  of  the  bridge  wire  on  which  the  resistance  of  the  manganin 
coil  was  measured.  Because  of  h3^teresis  effects  it  was  necessary 
to  make  two  sets  of  readings^  one  with  increasing  and  the  other  with 
decreasing  pressure.  Care  was  taken  that  any  two  corresponding 
readings  should  be  at  as  nearly  as  possible  the  same  pressure,  so  that 
it  should  be  allowable  to  take  the  average  of  two  corresponding 
displacements  as  the  best  value  of  the  displacement  at  the  average 
of  the  two  corresponding  pressures.  The  next  step  was  to  draw  a 
smooth  curve  through  the  average  points,  and  from  the  curve  to 
tabulate  the  displacement  at  regular  intervals  of  pressures  (5  cm.  on 
the  bridge  wire,  or  about  1100  kgm.).  The  second  series  of  measure- 
ments on  the  same  liquid  was  then  treated  in  the  same  way.  These 
two  series  of  measurements  differed  somewhat  as  to  the  quantities  of 
materials  used,  that  is,  the  liquid  under  investigation,  the  kerosene,  the 
mercury,  and  the  steel.  But  the  amounts  were  so  nearly  the  same 
that  it  was  permissible  to  take  the  average  displacement  of  the  two 
series  as  the  displacement  that  would  have  been  found  for  the  mean 
between  the  quantities  of  material  used  in  the  two  series.  In  only  a 
few  cases  did  the  amounts  of  material  in  the  two  series  differ  so  much 
that  it  was  not  permissible  to  do  ;this.  In  these  cases  the  displace- 
ment for  the  mean  quantity  had  to  be  determined  in  a  way  which  need 
not  be  described  in  detail.  The  average  of  the  displacements  obtained 
in  this  way  were  now  corrected  for  the  effect  of  the  kerosene,  the 
mercury,  the  steel,  and  the  distortion  of  the  steel  containing  vessel. 
In  applying  the  corrections,  the  mean  of  the  five  auxiliary  experiments 
in  whidi  the  liquid  was  replaced  by  Bessemer  steel  was  used.  The 
correction  was  applied  in  essentially  the  same  way  as  for  water. 
The  corrected  result  gave  the  motion  of  the  pbton  due  to  the  com* 
pression  of  only  the  liquid  imder  investigation.  This,  with  the  known 
cross  section  of  the  piston  and  the  weight  of  the  liquid,  determined  the 
change  of  volume  at  any  pressure  of  1  gm.  of  the  liquid.  Finally,  by 
using  the  values  for  the  density  at  0®  deduced  from  the  recent  Tables 
of  Kaye  and  Laby,  the  results  were  reduced  to  the  change  of  volume  in 
c.  c.  of  a  quantity  of  liquid  which  at  0*^  C.  and  atmospheric  pressure 
occupies  1  c.  c.  This  is  the  unit  quantity  which  is  here  adopted 
throughout,  and  seems  to  have  been  most  usually  used  in  work  of  this 
kind.     In  particular  it  is  the  unit  quantity  of  Amagat. 

The  computation  just  described  applies  only  to  the  measurements  at 
the  higher  pressures.  The  results  are  tabulated  as  changes  of  volume 
from  2000  kgm.  as  the  zero  of  pressure.  If  the  pressure  during  the 
high  pressure  measurements  went  lower  than  this,  as  it  usually  did. 
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the  corresponding  changes  of  volume  were  taken  as  negative.  To 
obtain  the  volume  at  lower  pressures,  the  measurements  at  the  lower 
pressures  were  reduced  in  much  the  same  way  as  has  been  described 
for  the  higher  pressings.  One  difference  is  that  the  measurements 
At  the  lower  pressures  were  at  20*^  instead  of  40*^,  because  several  of 
the  liquids  boil  at  less  than  40*^  at  atmospheric  pressure.  It  was  not 
possible  to  reach  entirely  to  the  zero  of  pressure  with  the  low-pressure 
measurements,  because  of  the  slight  friction  of  the  piston  even  when 
the  pressure  had  not  been  pushed  so  high  as  to  permanently  upset 
the  piston.  It  was  not  possible  to  get  much  nearer  to  zero  than  100 
or  200  kgm.  after  the  pressure  had  once  been  pushed  to  2000  kgm. 
In  order  to  come  still  closer  to  zero,  several  measurements  were  made 
during  the  very  first  application  of  pressure,  before  the  cylinder  has 
been  seasoned  for  hysteresis.  During  these  first  readings  the  pres- 
sure was  increased  to  about  1000  kgm.  and  then  seasoned  for  hysteresis 
as  before.  As  a  result  the  second  set  of  readings  between  200  and 
2000  kgm.  made  after  this  seasoning  process  did  not  make  close  con- 
nection with  the  first  set.  The  discrepancy  was  due  in  part  to  hystere- 
sis, but  also  in  part  to  better  adaptation  of  the  packing  to  all  the 
crevices  in  the  steel  washers.  The  direction  of  the  two  curves  was 
usually  the  same,  however,  within  the  limits  of  error.  This  allowed 
an  extrapolation  to  zero  by  combining  the  results  of  the  first  set  of 
readings  with  those  of  the  second.  In  this  way  the  change  of  the  unit 
volume  from  atmospheric  pressure  up  to  2000  kgm.  was  determined. 
It  must  be  remembered,  however,  that  the  readings  at  the  very  lowest 
pressures  are  almost  certainly  in  error,  because  the  instrument  is  not 
designed  for  low  pressures.  But  with  increasing  pressure  the  readmgs 
become  more  and  more  trustworthy,  until  above  500  kgm.  they  seem 
to  merit  entire  confidence,  if  we  can  judge  from  self  consbtency.  To 
jget  the  total  change  of  volume  from  atmospheric  pressure  it  is  desir- 
able, therefore,  to  supplement  these  readings  with  others  made  with 
apparatus  especially  designed  for  low  pressures.  Such  measure- 
•ments  are  afforded  by  the  data  of  Amagat,  and  in  some  cases  by 
others. 

At  the  time  that  the  computations  of  this  paper  were  made,  the 
data  of  Amagat  were  the  best  that  we  had  for  the  compressibility  at 
low  pressures.  Between  the  time  of  computing  these  results  and 
writing  this  account,  however,  there  has  appeared  a  paper  by  Richards,^ 
in  which  the  compressibility  up  to  500  kgm.  of  several  of  the  liquids 

fi  Richards,  Jour.  Amer.  Chem.  Soc.,  34, 971-993  (1912). 
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used  here  is  determined.  It  is  unfortunate  that  these  values  did  not 
appear  in  time  for  use  in  the  present  computations.  They  are  quoted, 
however,  so  as  to  afford  a  comparison  with  the  results  of  Amagat, 
which  are  here  used  as  the  standard  for  low  pressures.  It  makes 
no  difference  with  the  essential  conclusions  of  the  paper,  however, 
which  set  of  data  is  accepted  as  most  probably  correct.  The  only 
effect  would  be  to  change  the  initial  values  of  some  of  the  thermody- 
namic properties;  their  magnitudes  at  high  pressures  will  not  be 
altered. 

The  precise  steps  in  combining  into  a  final  result  the  changes  of  vol- 
ume computed  from  the  two  sets  of  readings  at  high  and  low  pressures 
were  as  follows.  From  the  high  pressure  readings,  the  changes  of 
volume  at  40^  (AF,  cm.'/cm.')  were  plotted  against  the  displacement 
of  the  slider  of  the  resistance  bridge,  the  zero  of  pressure  being  at 
10  cm.  displacement.  The  scale  of  the  diagram  was  large;  2  cm.  for 
0.1  inch  piston  displacement,  and  55  cm.  slider  displacement  for  the 
maximum  pressure.  From  the  low  pressure  readings  AV  in  cm.*/cm.* 
was  found  at  20**,  and  was  plotted  against  slider  dbplacement,  the 
zero  being  at  5  cm.  A  smooth  curve  was  drawn  through  these  points. 
From  this  curve,  knowing  the  constants  of  the  manganin  coil,  AV 
was  found  at  500, 1000, 1500,  and  2000  kgm.  and  500,  1000,  1500,  and 
2000  atmos.  AV  in  terms  of  atmos.  was  now  corrected  so  as  to  be 
reckoned  from  1000  atmos.  as  zero.  The  values  of  Amagat  for  AV  at 
20**  were  next  computed  with  1000  atmos.  as  the  zero.  These  two 
sets  of  data  were  compared,  and  the  new  values  for  the  lowest  interval 
adjusted  so  as  to  be  in  agreement  with  Amagat  between  1  and  500* 
kgm.  It  will  be  noticed  that  this  preliminary  comparison  with 
Amagat  does  not  enter  the  final  result;  it  was  an  orienting  comparison 
for  obtaining  some  idea  of  the  accuracy  at  low  pressures.  Using 
Amagat 's  value  for  the  lower  interval,  the  changes  of  volume  at 
pressures  corresponding  to  2.5,  5.0,  7.5,  and  10.0  cm.  were  next  deter- 
mined, reckoned  from  zero  pressure.  These  values  were  now  corrected 
to  40**  with  the  data  obtained  for  the  thermal  dilatation  and  were 
recomputed  with  10  cm.  as  the  zero  of  pressure.  The  changes  of 
volume  at  40®  obtained  from  both  the  low  and  high  pressure  sets  of 
measurements  were  now  plotted  together  on  one  diagram,  and  a  smooth 
curve  drawn  through  the  points.  From  thb  curve  the  changes  of 
volume  with  the  kilogram  as  the  unit  of  pressure  were  read  off  at  500 
kgm.  intervals,  starting  from  an  origin  at  500  kgm.  The  changes 
of  volume  so  found  were  now  smoothed  to  give  regular  differences. 
The  smoothing  was  performed  in  a  manner  somewhat  different  from 
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the  corresponding  operation  for  water,  and  in  a  manner  which  has 
the  advantage  of  preserving  the  irregularities  which  are  shown  by 
experiment  actually  to  exist,  but  which  would  have  been  effaced  if 
the  attempt  were  made  to  give  smooth  second  differences,  as  was  done 
for  water.  In  performing  this  smoothing,  the  fact  was  used  that  the 
change  of  volume  of  nearly  all  the  liquids  can  be  represented  by 
a  curve  of  nearly  the  same  shape.  Ethyl  chloride  is  an  exception, 
and  a  special  computation  had  to  be  applied  to  it.  As  a  first  approxi- 
mation the  change  of  volume  of  the  other  eleven  liquids  was  found  to 
be  reproducible  by  a  formula  of  the  type; 

^^=^  1000  J  +^  1000-j  +H  iooo~;  +^-loo^)  • 

In  order  to  apply  this  formula  to  any  one  liquid  it  is  necessary 
simply  to  multiply  all  four  constants  by  the  same  factor.  The  meaning 
of  this  is  that  to  this  degree  of  approximation  the  chief  difference  of 
the  liquids  with  regard  to  changes  of  volume  is  in  respect  to  the  abso- 
lute, not  the  relative  magnitudes  of  the  change.  The  constants  of 
the  above  formula  were  computed,  therefore,  so  as  to  apply  to  the 
average  of  the  eleven  liquids.  This  was  done  by  finding  the  average 
change  of  volume  for  the  eleven  liquids  at  1500,  3000,  7000,  and 
12000  kgm.  and  determining  the  four  constants  of  the  formula  so  that 
the  curve  should  pass  through  these  four  points.  It  will  be  noticed 
that  in  this  formula  the  zero  of  pressure  is  at  500  kgm.,  so  that  it 
applies  directly  to  the  changes  of  volume  as  found  above.  The 
formula  was  now  applied  to  the  eleven  liquids  in  succession  by  multi- 
plying the  four  constants  by  the  appropriate  multiplier  for  each 
liquid.  The  multiplier  was  so  determined  that  the  formula  should 
give  the  observed  change  of  volume  at  7000  kgm.  The  changes  of 
volume  were  now  calculated  with  this  formula  at  intervals  of  500  kgm. 
up  to  5000  kgm.,  and  beyond  5000  kgm.  at  intervals  of  1000  kgm.,  and 
compared  with  the  observed  values.  The  differences  between  the 
observed  and  the  computed  values  were  plotted  on  a  large  scale  and 
A  smooth  curve  drawn  through  the  points.  The  values  obtained 
from  these  smooth  curves  and  the  formula  were  combined  to  give 
the  final  values  for  the  volume  at  40^.  The  advantage  of  the  method 
is  that  the  final  results  lie  on  perfectly  smooth  curves,  and  that  the 
curves  show  the  various  slight  irregularities  which  correspond  to  the 
experimental  facts  but  which  would  be  smoothed  out  if  the  second 
differences  were  made  uniform.    The  values  for  ethyl  chloride  were 
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treated  in  the  same  way,  except  that  it  was  necessary  to  start  from  a 
slightly  different  formula,  to  be  given  on  page  67. 

It  would  have  been  possible  to  dispense  with  this  finer  adjustment 
by  means  of  a  diflference  curve  with  very  little  change  in  the  final 
result,  because  the  changes  of  volume  obtained  from  the  original 


TABLE  I. 

Methyl  Alcohol. 

Difference  between  volume  obtained  from  original  smooth  gurvb 
and  pinal  computed  value. 


Pressure, 
kgm. 
cm.' 

Difference. 

Pressure, 
kgm. 
cm.' 

Difference. 

600 

.0000 

5000 

-3 

1000 

-.0000 

6000 

+2 

1600 

-1 

7000 

-3 

2000 

0 

8000 

-1 

2600 

-1 

9000 

0 

3000 

+1 

10000 

0 

3600 

-2 

11000 

-1 

4000 

+1 

12000 

0 

4600 

0 

smooth  curves  were  almost  the  same  as  given  by  the  final  computa- 
tion. Table  I  shows  for  one  liquid  (methyl  alcohol,  chosen  at  random) 
the  very  slight  changes  made  by  this  readjustment. 

The  values  obtained  by  this  computation  start  from  500  kgm.  as 
the  zero.  The  change  of  volume  between  atmospheric  pressure  and 
500  kgm.  has  been  taken  directly  from  the  results  of  Amagat  in  those 
cases  where  his  data  are  sufficient.  In  some  cases  where  Amagat  does 
not  give  the  data,  it  has  been  necessary  to  use  the  more  inaccurate 
values  of  the  present  method.  In  the  detailed  presentation  of  data 
for  each  liquid,  the  values  taken  from  Amagat  are  given.  If  it  should 
happen  at  any  future  time  that  more  probable  values  than  these  of 
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Amagat  are  found  for  the  changes  of  volume  at  low  pressures  (which 
indeed  is  already  the  case  for  those  liquids  measured  by  Richards), 
then  the  results  given  here  may  be  corrected  by  adding  a  constant  to 
the  volumes  throughout  the  tables,  except  of  course  at  atmospheric 
pressure.    The  addition  of  such  a  constant  to  the  volumes  will  not 

alter  the  behavior  of  any  of 
the  thermodynamic  proper- 
ties at  high  pressures;  it  can 
at  most  affect  those  which 
involve  integrations  by  a  very 
small  constant  corrective 
term. 

That  it  was  possible  to 
represent  the  approximate 
behavior  of  these  twelve  liq.- 
uids  by  similar  formulas  is 
itself  a  somewhat  surprising 
and  significant  fact.  It  seems 
to  suggest  that  at  extremely 
high  pressures  all  liquids  be- 
come alike.  The  greatest 
differences  between  different 
liquids  are  at  the  low  pres- 
sures. The  use  of  a  separate 
formula  in  the  case  of  ethyl 
chloride,  which  might  appear 
to  be  an  exception,  was 
necessitated  in  fact  only  by 
its  abnormal  compressibility  at  low  pressures. 

It  was  necessary  to  compute  the  thermal  dilatation  also  by  a  method 
slightly  different  from  that  used  for  water,  because  only  one  piston 
displacement  was  read  at  each  temperature  instead  of  two.  The 
piston  displacements  were  plotted  against  pressure  on  the  same  dia- 
gram as  the  isothermal  compressibility  at  40**.  (See  Figure  2.) 
Through  each  of  the  points  a  curve  was  drawn  of  the  same  general 
slope  as  the  curve  of  pressure  and  volume  at  40®.  The  slight  changes 
necessary  in  the  slope  of  this  curve  at  different  temperatures  could 
be  made  graphically  with  sufficient  accuracy.  The  difference  of  the 
piston  displacement  for  every  interval  of  20**  at  the  mean  of  the  two 
pressures  involved  was  now  read  from  these  curves.  Thus  in  Figure  2, 
the  line  AB  represents  the  piston  displacement  at  constant  pressure 


Pressure 

Figure  2.  Shows  a  portion  of  the  dia- 
gram for  determining  the  compressibility 
and  thermal  expansion  from  the  piston  dis- 
placements. The  piston  diffl>lacements  are 
plotted  against  pressure.  Tne  heavy  points 
are  the  readings  with  increasing  and  de- 
creasing pressure  at  40^  for  the  isothermal 
compressibility.  The  discrepancy  between 
these  points  is  due  to  hysteresis.  The  open 
circles  show  the  readings  at  constant  volume 
with  changing  temperature.  The  dotted 
lines,  AB  for  example,  show  the  piston 
displacement  which  would  have  been  foimd 
if  the  temperature  had  been  changed  at 
constant  pressure. 
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corresponding  to  a  rise  of  temperature  from  20®  to  40®,  CD  from  40® 
to  60®,  and  EF  from  60®  to  80®.  These  displacements  correspond  to 
slightly  different  values  of  the  mean  pressure.  The  piston  displace- 
ments at  constant  pressure  obtained  from  a  diagram  like  Figure  2 
were  then  plotted  against  pressure  on  another  diagram,  the  points 
for  the  two  independent  series  of  measurements  on  the  same  liquid 
being  plotted  on  the  same  sheet.  The  quantities  of  liquid  used  in 
the  two  series  were  usually  so  nearly  the  same  that  the  mean  of  the 
piston  displacements  could  be  assumed  without  error  to  be  the  piston 
displacement  of  the  mean  quantity  of  liquid.  The  mean  of  the  two 
independent  series  of  readings  was  foimd  graphically  from  the  dia- 
gram by  drawing  a  smooth  curve  through  the  two  sets  of  points. 
From  this  value  of  the  pbton  displacement,  after  corrections  had  been 
applied  for  the  kerosene,  mercury,  and  steel,  the  change  of  volume 
per  um't  quantity  for  intervals  of  20®  was  computed  in  a  way  analogous 
to  the  similar  computations  for  the  compressibility.  Here  again  the 
values  for  the  low  pressures  are  most  likely  to  be  in  error.  The  change 
of  volume  at  20®  intervals  at  atmospheric  pressure  was  taken  directly 
from  the  tables  of  Landolt  and  Bomstein.  Finally,  the  experimental 
points  and  the  points  at  atmospheric  pressure  were  plotted  together 
on  a  single  diagram,  smooth  curves  drawn  through  them,  and  from 
these  curves  the  changes  of  volume  for  intervals  of  20®  were  obtained 
which  were  used  in  the  construction  of  the  tables  of  volume. 

In  plotting  as  above  on  a  single  diagram  AV  for  20®  intervals,  two 
independent  series  of  measurements,  namely  those  of  this  paper  and 
those  on  which  the  formulas  of  Landolt  and  Bomstein  are  based  were 
therefore  brought  together.  The  two  sets  of  data  should  of  course, 
if  consistent,  lie  on  a  smooth  curve,  so  that  the  amount  of  discrepancy 
might  be  expected  to  afford  an  indication  of  the  order  of  accuracy  at 
low  pressures.  The  change  in  the  dilatation  b,  however,  so  rapid  at 
the  low  pressures  that  it  was  possible  in  nearly  every  instance  to  make 
smooth  connection  between  the  two  sets  of  pointd,  without  departing 
from  either  of  them.  Furthermore,  it  would  be  possible  in  most  cases 
to  make  just  as  smooth  connection  if  somewhat  different  values  were 
used  at  atmospheric  pressure.  Slight  discrepancies  between  the 
smooth  curves  and  the  individual  points  do  not  therefore,  give  a 
reliable  indication  of  the  accuracy. 

The  thermal  dilatation  is  probably  not  so  accurate  as  are  the  changes 
of  volume  with  pressure,  because  the  dilatation  is  much  smaller.  The 
dilatation  can  be  measured  with  no  greater  accuracy  than  the  changes 
of  pressure  accompanying  the  changes  of  temperature  at  constant 
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volume.  These  changes  were  of  the  order  of  200  kgm.  for  20*^  intervals 
and  could  be  read  on  the  bridge  with  an  accuracy  of  about  |%.  The 
agreement  between  the  two  independent  sets  of  readings  was  not  in 
general  as  good  as  this,  averaging  about  2%.  This  is  better  than  was 
expected  at  first  could  be  obtained  with  the  method,  and  is  certainly 


Temperature 

FiQURB  3.^  A  sample  set  of  observationB  on  the  change  of  volume  with 
temperatiu*e 'at  constant  pressure.  The  ordinates  are  piston  difiplacements 
in  inches.  Two  independent  sets  of  readings  are  shown  on  the  diagram,  those 
with  the  circles  are  tne  repeated  set.  The  liquid  shown  here  is  cw>on  bisul- 
phide. The  accuracy  for  this  is  almost  exactly  the  average  accimwjy  for  all 
twelve  liquids. 

much  better  than  could  have  been  obtained  with  the  alternative  method 
of  determining  the  difference  between  isothermal  lines  for  different 
temperatures.  Figure  3  for  carbon  bisulphide  shows  a  fair  average 
of  the  order  of  agreement.  A  more  detailed  account  of  the  order  of 
accuracy  will  be  given  under  the  description  of  the  individual  liquids. 
The  material  was  now  at  hand  for  the  construction  of  the  table  of 
volumes.  Up  to  5000  kgm.  the  volume  was  to  be  tabulated  at  inter- 
vals of  500  kgm.,  and  above  5000  kgm.  at  intervals  of  1000  kgm.  The 
difference  in  the  length  of  the  pressure  steps  is  desirable  because  at 
low  pressures  the  volume  changes  more  rapidly  than  at  high  pressures. 
The  tabulation  at  each  pressure  was  to  be  made  at  temperature  inter- 
vals of  10®.  The  volume  as  a  function  of  temperature  at  atmospheric 
pressure  was  first  tabulated.  This  was  taken  from  the  formulas  of 
Landolt  and  Bomstein,  or  from  other  sources  to  be  described  in  detail 
imder  the  separate  liquids.  The  agreement  between  different  observ- 
ers, even  for  atmospheric  pressure,  is  not  always  as  close  as  could  be 
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and  5.  The  experimental  values  of  the  changes  of  volume  at  TXf  in* 
tervals  were  first  plotted.  A  represents  the  change  from  20""  to  40^  B 
the  change  from  20*^  to  60°  (obtained  by  adding  the  change  40*'-60®  to 
the  change  20*'-40'')  and  C  the  change  20**  to  80^  The  origin  was  now 
connected  to  C  by  a  straight  line  (this  was  done  actually  by  a  compu- 
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Figure  4.  Shows  the  first  step  in 
findins  the  change  of  volume  at  inter- 
vab  of  10^  and  the  thermal  expansion 
from  the  readings  of  the  volumes  at 
20®  intervals.  The  heavy  line  shows 
what  the  volume  would  be  if  the  rela- 
tion between  volume  and  temperature 
were  linear. 


40*  60* 

Temperature 

Figure  5.  Second  step  in  findincr 
change  of  voliune  at  10**  intervab  and 
the  thermal  expansion .  The  point  A '' 
is  the  difference  between  the  point  A 
of  Figure  4  and  the  straight  line.  The 
ordinates  of  this  curve  at  interme- 
diate points,  when  added  to  the- 
ordinates  given  by  the  straight  line 
of  Figure  4  at  corresponding  points^ 
give  the  volume  at  intermediate 
points.  The  slope  bXA'  when  added 
to  the  slope  of  the  straight  line  of  Fig- 
ure 4,  gives  the  thermal  expansion  at 
40°,  for  example. 


tation,  not  graphically)  and  the  differences  between  the  points  0,  A,  B^ 
and  C  and  this  straight  line  were  plotted  on  another  diagram,  Figure  5> 
on  a  larger  scale.  A  smooth  curve  was  drawn  through  these  four  points ; 
from  this  curve  the  ordinates  were  read  at  the  intermediate  intervals 
of  10®,  and  combined  with  the  straight  line  values  of  Figure  4  to  give 
the  volume  at  the  temperature  in  question.  The  thermal  dilatation 
at  any  temperature,  40®  for  example,  was  found  by  adding  to  the 
slope  of  the  straight  line  OC  the  slope  determined  graphically  at  the 
point  A'  of  Figure  5. 

This  method  was  also  applied  in  determining  the  dilatation  at 
atmospheric  pressure.  An  alternative  method  would  have  been  by 
differentiating  the  power  series  of  Landolt  and  Bomstein  for  volume 
as  a  function  of  temperature.  The  graphical  method  was  thought 
preferable,  however,  because  a  power  series  may  often  reproduce 
the  experimental  points  with  greater  fidelity  than  the  slope  of  the 
experimental  curve. 

The  dilatation,  computed  in  this  way,  was  transferred  directly  to 
tables,  and  from  the  tables  the  curves  were  drawn  which  are  given  later 


Digitized  by 


QoO^Q: 


BRIDGMAN. —  THERMODYNAMIC  PROPERTIES  OF  UQUIDS.  29 

for  the  dilatation.  In  order  to  save  space,  these  tables  are  not  given 
here.  The  thermal  dilatation  enters  into  many  of  the  other  ther- 
modynamic quantities  listed  in  this  paper.  In  computing  these 
quantities  the  values  of  the  dilatation  given  in  the  tables  have  been 
used,  not  the  values  obtained  from  the  curves  given  later.  The 
same  is  true  for  all  the  other  thermod>Tiamic  properties  listed  in  the 
paper;  tables  were  first  computed  for  all  of  them  before  curves  had  been 
drawn  for  any.  In  this  way  any  progressive  error  was  avoided  which 
might  have  been  introduced  by  the  use  of  diagrams.  Although  each 
diagram  shows  the  property  in  question  with  as  great  an  accuracy 
as  is  justified  experimentally,  it  might  be  that  if  a  computation  in- 
volved the  transference  of  points  from  one  diagram  to  another  several 
times,  the  error  so  introduced  might  finally  mount  up  to  more  than  the 
experimental  error. 
Isothermal    Compressibility.  —  The    compressibility,    or   the 

fdv\ 
quantity  (  ^  1  >  was  the  next  to  be  determined.    This  was  found  by 

a  method  somewhat  analogous  to  that  for  the  dilatation.  Evidently 
the  compressibility  does  not  vary  greatly  with  temperature.  If  the 
compressibility  can  be  found  as  a  function  of  pressure  for  one  constant 
temperature,  then  the  compressibility  at  other  temperatures  can  be 
found  by  applying  a  small  correction.  The  temperature  chosen  for 
the  direct  determination  of  the  compressibility  was  40**,  since  this 
was  the  temperature  at  which  the  change  of  volume  with  pressure 
had  been  found.  The  compressibility  was  determined  graphically 
from  a  large  scale  drawing  of  the  change  of  volume  against  pressure. 
An  alternative  method  would  have  been  to  calculate  mathematically 
the  slope  from  the  approximate  formula  for  the  change  of  volume, 
and  then  to  correct  this  by  the  graphically  determined  slope  of  the 
difference  curve.  But  this  method  would  fail  at  the  lowest  pressure, 
-500  kgm.,  and  at  the  higher  pressures  it  did  not  prove  necessary,  be- 
cause the  simpler  direct  graphical  method  was  sufficiently  accurate. 

It  was  now  possible  to  correct  the  compressibility  at  40**  to  the 
■other  temperatures  of  the  tables  by  the  use  of  difference  curves.  Let 
us  suppose  that  it  was  desired  to  find  the  compressibility  at  60**. 
Figure  6  represents  graphically  the  operation  which  was  actually 
performed  by  a  computation.  The  curv^e  of  volume  at  60**  against 
pressure  was  displaced  downwards  (shown  in  the  dotted  line)  so  as 
to  have  the  same  origin  as  the  curve  for  40*^.  The  difference  between 
the  curves  was  plotted  on  a  large  scale  against  pressure,  and  the 
graphically  determined  slope  of  the  difference  curve  used  as  a  cor- 


Digitized  by 


GooglQ 


30  PROCEEDINGS  OF  THE  AMERICAN  ACADEliT. 

rection  to  bring  the  compressibility  from  40^  to  60**.  The  process: 
was  performed  for  intervals  of  20**,  and  the  results  were  tabulated 
and  plotted  for  the  twelve  liquids. 

The  compressibility  is  most  likely  to  be  in  error  at  the  lower  pres- 
sures, as  was  the  dilatation.    In  particular,  the  compressibility  at 

atmospheric  pressiu*e  can  be  foimd  from 

the  method   outlined  above  only  by  a 

wide  extrapolation,  and  therefore  is  not 

accurate.    Another  method  was  adopted, 

therefore,  at  atmospheric  pressure.    Of 

course,  the  compressibilities  ought  to  be 

consistent  with  the  tables  of  volumes, 

that  is,  it  ought  to  be  possible  to  compute 

from  the  compressibility  to  the  change 

of  volume  given  in  the  table.    The  com- 

Pressure  pressibility  at  atmospheric  pressure  was 

Figure  6.    lUustrates  the    accordingly  computed  so  that  when  com- 

method  for  finding  the  tem-    bined  with  the  compressibility   at  500 

peratiire    correction   of    the    fcgm.  it  should  give  the  proper  change  of 

compressibihty.  ®,         ,    ^      ^  i     •  j 

volume  between  atmosphenc  pressure  and 

500  kgm.  It  was  assumed  in  the  computation  that  the  mean  compress- 
ibility between  1  and  500  kgm.  was  the  average  of  the  compressibilities 
at  1  and  500  kgm.  This  is  not  quite  true,  because  the  compressibility 
varies  rapidly  with  pressure  at  low  pressures.  The  value  computed 
in  this  way  is  likely  to  be  somewhat  low.  The  discrepancy  cannot  be- 
large,  however,  and  this  method  was  accepted  as  the  best  under  the 
circumstances.  The  compressibility  at  atmospheric  pressure  has 
also  been  determined  in  a  number  of  instances  by  other  observers* 
There  is  not  always,  however,  very  good  agreement  between  other 
observers  even  at  atmospheric  pressure,  so  that  the  compressibihty 
at  atmospheric  pressure  might  well  be  the  subject  for  further  experi- 
ment in  some  cases.  The  actual  disagreement  at  atmospheric  pres- 
sure and  the  probable  accuracy  of  the  value  finally  chosen  is  to  be 
given  in  the  detailed  discussion  for  the  separate  liquids. 

The  Work  of  Compression.  —  The  mechanical  work  of  compres- 
sion was  the  next  quantity  of  thermodynamic  interest  to  be  computed. 

This  is  given  by  the  formula  (  "t— )  =  "~  ^(^  )  •  ^^  ^^^  ^^^  ^^^' 
quantity  of  work  done  from  zero  up  to  any  given  pressure  it  is  evi- 
dently necessary  to  integrate  the  derivative.  This  integration  was 
performed  mechanically  with  the  integraph  of  the    mathematical 
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department  of  Harvard  University.  In  performing  the  integration 
there  are  two  possible  methods.    We  may  either  integrate  pi^)  a» 

given  above,  or  we  may  integrate  the  equivalent  expression  ( "^  )  =*?• 

The  first  involves  an  integration  with  pressure  as  the  independent  vari- 
able, and  the  second  with  volmne.  The  first  uses  as  the  integrand  the 
compressibility,  which  was  obtained  by  computation  from  the  experi- 
mental data,  and  the  second  uses  as  the  integrand  the  pressure,  which 
is  one  of  the  direct  experimental  data.  It  is  well  known  that  the 
derivative  of  an  experimental  quantity  has  considerably  greater  error 
than  the  experimental  quantity  itself.  The  second  method  was 
adopted,  therefore,  using  the  volume  as  the  independent  variable  of 
integration.  It  was  a  fortunate  accident  that  the  method  could  be 
used  without  duplication  of  effort,  because  the  volume  had  already 
been  plotted  against  pressure  for  another  purpose.  However,  the 
direct  results  of  the  integration  were  not  immediately  available 
because  it  was  necessary  to  obtain  the  work  of  compression  as  a 
function  of  pressure  instead  of  as  a  function  of  volume.  The  change 
of  variable  was  made  with  the  help  of  the  curves  of  volume  against 
pressure  by  reading  off  the  pressures  corresponding  to  the  given 
volumes. 

The  work  of  compression  was  found  by  the  method  outlined  above 
at  20**  intervals  of  temperature.  It  differs  only  slightly  for  different 
temperatures,  so  slightly  that  the  difference  of  the  work  at  different 
temperatures  could  not  be  obtained  directly  from  the  curves  with  as 
great  accuracy  as  was  necessary  for  computing  the  specific  heats. 
In  order  to  obtain  the  differences  of  the  work  with  greater  accuracy, 

/dv\ 
an  independent  integration  of  the  quantity  Apl^j  dp   was  per- 
formed.   The  symbol  A  indicates  the  difference  of  the  product  pi^j 

at  a  given  pressure  for  the  interval  20M0*'  or  40''-60°  or  GO^'-SO. 
These  differences  were  taken  from  the  tables  of  compressibility.  The 
integration  of  the  differences  was  performed  with  the  integrating 
machine.  Tests  of  the  integrating  machine  showed  that  the  accuracy 
of  this  part  of  the  process  alone  was  as  high  as  yV  %•  The  differences 
found  in  this  way  were  now  used  in  finding  a  better  mean  value  for  the 
total  work  of  isothermal  compression.  For  it  is  evidently  possible 
with  these  differences  to  correct  the  work  of  compression  at  20**  or 
60°  or  80°  back  to  40°.     If  there  were  no  error  all  these  values  should 
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agree,  but  of  course  complete  agreement  could  not  be  expected.  The 
agreement  of  the  values  corrected  to  40®  in  this  way  was  a  few  tenths 
of  a  per  cent.  The  final  value  at  40®  was  taken  as  the  mean  of  the 
four  corrected  values,  and  is  shown  in  the  diagrams.  In  the  lower 
part  of  the  diagrams  the  relation  between  pressure  and  the  difference 
of  the  work  of  compression  for  20®  intervals  is  plotted  on  a  larger  scale. 
The  Heat  of  Compression. —  The  heat  of  compression  was  the 
next  quantity  to  be  computed.  It  is  unfortunate  that  the  expression, 
"  heat  of  compression  "  is  sometimes  used  in  a  sense  which  is  not  indi- 
cated by  the  words  themselves;  namely,  as  the  rise  of  temperature 
when  the  pressure  on  a  substance  is  increased  adiabatically  by  the 
unit  amount.  But  by  no  stretch  of  the  imagination  is  it  possible  to 
identify  a  temperature  with  a  "heat."  A  more  descriptive  name  for 
this  effect  would  seem  to  be  the  "temperature  effect  of  compression.*' 
The  effect  was  discussed  under  this  name  in  the  previous  paper  on 
water.  By  "heat  of  compression"  we  shall  mean  in  this  paper  what 
is  naturally  suggested  by  the  words,  namely  the  heat,  Q,  which  is 
given  out  by  a  unit  quantity  of  a  substance  when  it  is  compressed 
isothermally.    It  may  be  computed  if  the  dilatation  is  kno\^Ti,  by 

using  the  formula  fr— j   =^(^)-    To  find  the  total  heat  given  out 

by  the  substance  as  it  is  compressed  from  the  initial  to  the  final  state 
it  is  necessary  to  integrate  this  expression.  The  procedure  was  exactly 
analogous  to  that  in  computing  the  work  of  compression.  The  inte- 
gration was  performed  first  for  the  four  temperatures.  Then,  in 
order  to  obtain  the  differences  more  accurately,  a  separate  integra- 
tion was  made  of  the  differences  ot  tI^)  for  intervals  of  tempera- 
ture of  20®.  With  these  differences  the  total  heat  at  any  temperature 
was  corrected  to  40®,  thus  giving  four  values  for  the  heat  of  compres- 
sion at  40®,  of  which  the  mean  was  taken  for  the  final  value  at  thb 
temperature.  From  this  final  value,  the  values  for  the  other  tempera- 
tures were  found  by  computing  back  again  with  the  differences.  The 
magnitude  of  the  differences  is  much  greater  than  the  differences  of 
the  mechanical  work,  so  that  it  was  possible  to  plot  the  total  heat  for 
each  temperature  without  confusing  the  diagram. 

Change  of  Internal  Energy. —  From  the  heat  of  compression  and 
the  mechanical  work  of  compression  we  may  find  at  once  the  change 
of  internal  energy  when  the  liquid  is  compressed  isothermally.  During 
compression  the  liquid  receives  work  from  the  compressing  force 
and  delivers  heat.    The  change  of  internal  energy  is  the  difference 
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between  the  work  received  and  the  heat  given  out.  It  was  computed 
in  this  way  and  is  given  in  a  set  of  diagrams  (Folder  5)  for  the  four 
regular  temperature  intervals. 

Specific  Heat  at  Constant  Pressure. —  Other  thermodynamic 
quantities  of  a  simple  nature  which  are  usually  thought  of  as  char- 
acteristic of  a  liquid  are  its  two  specific  heats.  They  also  may  be 
found  by  thermodynamic  computation  from  the  data  given,  but  the 
accuracy  is  not  so  great  as  the  accuracy  of  the  other  quantities. 
There  are  two  methods  of  attack  open  to  us  here,  but  both  of  them 
must  assume  as  known  the  specific  heats  at  atmospheric  pressure 
as  a  function  of  temperature.  In  general,  it  may  be  shown  that  the 
characteristic  equation  of  a  substance  is  not  sufficient  in  itself  to 
determine  the  specific  heats;  we  must  know  in  addition  the  specific 
heats  along  some  line  not  an  isothermal.  Unfortunately,  the  specific 
heat  of  very  few  of  the  liquids  with  which  we  are  concerned  is  known 
with  accuracy  as  a  function  of  temperature  at  atmospheric  pressure. 
The  results  of  different  observers  are  often  in  essential  disagreement. 
But  the  characteristic  equation  can  give  us  the  change  of  specific  heats 
along  an  isothermal.  These  are  the  results  which  will  be  tabulated 
in  this  paper,  therefore,  leaving  for  other  experimenters  the  more 
accurate  determination  of  the  specific  heats  at  atmospheric  pressure. 
These  future  results  may  then  be  combined  with  the  differences  given 
here  to  determine  the  specific  heat  at  any  pressure. 

The  first  method  for  calculating  the  specific  heat  at  constant  pres- 
sure is  the  method  used  in  the  paper  on  water.    It  makes  use  of  the 

formula   [~^]   =  — ''(s^)  *     Evidently   in  order   to  obtain  the 

total  change  of  specific  heat  at  any  pressure  we  must  perform  an 
integration.  The  weakness  of  the  method  is  that  it  involves  the  use 
of  a  second  derivative,  which  cannot  be  determined  with  great  ac- 
curacy from  measurements  of  volume.  The  method  would  be  open  to 
greater  error  if  applied  to  these  twelve  liquids  than  in  the  case  of 
water,  because  the  dilatation  varies  more  and  more  irregularly  than 
for  water. 

The  second  method  uses  a  cyclic  process  to  determine  the  amount 
of  heat  absorbed  in  passing  from  one  temperature  to  another  at  any 
constant  pressure.  Let  us  imagine  a  liquid  in  the  condition  repre- 
sented by  the  point  A  on  the  diagram  (see  Figure  7).  The  liquid 
is  now  to  be  carried  to  the  neighboring  point  D  at  the  same  pressure 
but  at  a  higher  temperature.  The  total  change  of  internal  energy 
when  we  arrive  at  D  is  independent  of  the  path  which  we  have  tra- 
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versed.  One  path  from  A  to  D  may  be  described  by  raising  the  tem- 
perature from  <o  to  ti  at  constant  pressure.  (Path  AD  in  Figure  7.) 
In  this  case  the  liquid  does  a  certain  amoimt  of  mechanical  work 
against  external  pressure  and  also  absorbs  a  quantity  of  heat  which  we 
can  compute  immediately  when  we  know  the  specific  heat  at  constant 

pressure.  The  external  work  diuing 
this  process  is  simply  the  product 
of  the  constant  pressure  and  the 
change  of  volume,  and  may  be  com- 
puted directly  from  the  table  of 
volume  as  a  fimction  of  pressure 
and  temperature.  Or  we  may  pass 
from  A  to  D  by  a  more  circuitous 
route,  by  lowering  the  pressure 
isothermally  at  fo  from  A  to  B, 
Pressure  tij^n  raising  the  temperature  at  at- 

FiGURE  7.  Shows  the  cycles  mospheric  pressure  from  B  to  C,  and 
&K>n?JrJi^'  '^*'"'    then  increasing  the  pressure  isother- 

mally  at  the  final  temperature  ti  to 
the  point  D.  Now  the  advantage  of  this  longer  route  is  that  we  know 
all  the  quantities  of  energy  which  enter  the  body  on  the  way.  The 
mechanical  work  of  compression  along  the  isothermals  from  A  to  B 
and  from  C  to  D  we  have  already  computed.  We  have  also  found  the 
heat  of  compression  along  the  lines  A-B  and  C~B.  No  work  is  done 
in  the  expansion  along  the  line  B-C,  and  the  heat  absorbed  along  this 
line  is  known  if  we  know  the  specific  heat  at  atmospheric  pressure. 
By  comparing  the  inflow  of  energy  along  these  different  paths  we  are 
in  a  position  to  compute  either  the  quantity  of  heat  absorbed  along 
the  line  A-D  at  constant  pressure,  or  else  the  difference  between  this 
heat  and  the  heat  absorbed  along  the  line  B-C.  This  heat  (or 
else  the  difference  of  heat)  may  be  plotted  against  the  difference  of 
temperature  between  the  points  A  and  D.  The  same  process  may  be 
performed  at  the  same  pressure  for  a  number  of  temperature  intervals, 
each  with  <o  as  the  lower  limit,  giving  a  curve  of  the  quantity  of  heat 
absorbed  at  constant  pressure  as  a  function  of  the  temperature.  The 
specific  heat  at  any  temperature  is  the  slope  of  this  heat  curve  at  that 
temjjerature. 

The  slope  was  found  by  a  method  similar  to  that  for  computing 
the  thermal  dilatation  at  constant  pressure.  At  any  temperature 
the  difference  between  the  amount  of  heat  actually  absorbed  and  the 
amount  which  would  have  been  absorbed  if  the  relation  between  heat 
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and  temperature  had  been  linear  was  computed  and  plotted  against 
temperature.  The  slope  of  the  difference  curve  was  then  foimd 
graphically,  and  applied  as  a  correction  to  the  value  found  on  the 
assumption  of  a  linear  relation.  The  modification  if  Cp  at  atmos- 
pheric pressure  is  not  known  is  obvious;  a  similar  procedure,  plotting 
now  the  difference  of  heats  against  temperature  gives  the  difference 
of  the  specific  heats  at  the  pressure  in  question  and  atmospheric 
pressure.  In  a  few  cases,  where  the  liquid  boiled  at  a  low  temperature 
at  atmospheric  pressure  so  that  it  was  not  possible  to  prolong  the 
curves  to  the  origin  of  pressure,  the  difference  between  the  specific 
heats  at  the  pressure  in  question  and  500  or  1000  kgm.  has  been  given. 

It  is  now  obvious  why  it  was  necessary  to  know  the  differences  of 
the  mechanical  work  and  the  heat  of  compression  at  different  tempera- 
tures with  a  greater  accuracy  than  could  be  found  from  the  curves 
obtained  by  a  direct  integration. 

The  units  in  which  the  specific  heats  are  given  should  perhaps  be 
mentioned  because  they  are  unusual.  It  is  customary  to  give  the 
specific  heat  in  gm.  cal.  per  gm.  of  the  liquid.  But  this  method  of 
measuring  specific  heat  makes  no  connection  with  the  thermodynamic 
formulas,  in  which  the  heat  is  measured  in  mechanical  units  corre- 
sponding to  the  imits  of  the  other  quantities.  It  was  preferred  here, 
therefore,  to  give  the  heat  in  units  which  are  more  unusual,  but  which 
are  consistent  with  the  other  quantities,  so  that  it  is  possible  to  substi- 
tute any  of  the  quantities  directly  in  the  formulas  without  the  trou- 
blesome work  of  changing  the  imits.  The  imit  of  pressure  is  the  kgm. 
per  sq.  cm.,  and  the  unit  of  volume  the  c.c.  Therefore  the  unit 
of  work  which  fits  the  formulas  is  the  kgm.  cm.,  and  this  is  the 
unit  in  which  the  results  have  been  tabulated.  It  is  to  be  noticed  that 
in  making  comparison  with  the  usual  values  of  the  specific  heats,  it  is 
not  only  necessary  to  change  the  unit  of  work,  but  the  unit  of  quantity 
as  well,  because  the  amount  of  liquid  to  which  this  value  of  the  specific 
heat  is  referred  is  not  the  gm.,  as  is  usual,  but  is  the  amount  of  liquid 
which  at  0°  C  and  atmospheric  pressure  occupies  1  c.c.  In  order  to 
convert  the  usual  value  of  the  specific  heat  into  these  units,  it  is 
necessary  to  multiply  by  the  density  of  the  liquid  at  0°  and  atmos- 
pheric pressure,  and  by  42.66,  the  number  of  kgm.  cm.  in  1  gm.  cal. 

As  a  check  on  the  specific  heat  at  constant  pressure  found  in  this 
way,  the  same  quantity  was  computed  for  the  first  three  alcohols,  that 
is  for  methyl,  ethyl,  and  propyl  alcohol,  by  the  alternative  method 
involving  the  second  temperature  derivative  of  the  volume  which  was 
used  in  the  paper  on  water.    The  second  derivatives  were  found 
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graphically  from  the  curves  of  dilatation  against  temperature  at  con- 
stant pressure,  and  were  integrated  mechanically.  The  results  so 
found  agree  fairly  well  with  the  values  found  by  the  other  more  accu- 
rate method.  The  magnitude  of  the  discrepancies  might  be  as  much 
as  10%,  but  all  the  essential  characteristics  of  the  curve  as  given  by 
one  method  were  reproduced  by  the  other  also,  such  as  the  maxima 
and  the  minima,  and  the  points  of  inflection.  Of  course  the  pressure 
of  maximum  or  minimum  was  sometimes  displaced,  as  was  to  be 
expected. 

Specific  Heat  at  Constant  Volume. — ^From  the  specific  heat  at 
constant  pressure  it  is  now  possible  to  compute  the  specific  heat  at 
constant  volume  by  the  well  known  fcumula  for  the  difference  of  the 

two  specific  heats,  namely    Cp  —  C^  ^  —    .^v  ^ .     This  formula 

involves  only  quantities  which  have  already  been  detemuned,  so  that 

C,  may  be  found  immediately.     The  values  of  f  t-'J     and    f  t-J 

used  in  this  computation  were  taken  from  the  tables,  not  from  the 
diagrams.  Just  as  for  the  specific  heat  at  constant  pressure,  the  values 
foimd  in  this  way  are  the  differences  between  C,  at  atmospheric 
pressure  and  the  pressure  in  question.  The  differences  are  such  that 
a  positive  value  means  that  the  specific  heat  is  greater  at  atmospheric 
pressure  than  at  the  pressure  in  question.  A  decreasing  curve  indi- 
cates, therefore,  that  the  specific  heat  is  increasing  with  increasing 
pressure. 

In  the  paper  on  water  other  quantities  of  thermodynamic  interest 
were  plotted.  These  are  the  temperature  effect  of  compression  and 
the  adiabatic  comprcftssibility.  They  may  be  easily  calculated  from 
the  data  given  in  this  paper.  While  they  are  of  interest  in  themselves, 
they  do  not  seem  to  be  of  such  fundamental  importance  as  the  quan- 
tities already  listed  in  suggesting  the  possible  internal  mechanism 
of  the  liquid.  It  was  felt,  therefore,  that  to  give  them  would  unduly 
increase  the  volume  of  this  paper,  and  they  have  accordingly  not 
been  computed. 

A  word  seems  called  for  as  to  the  general  character  of  the  curves. 
In  many  cases  there  are  slight  irregularities  which  may  very  well  not 
correspond  to  the  actual  facts,  the  irregularities  being  beyond  the 
limit  of  experimental  accuracy  of  the  work.  It  is  true  that  if  each 
of  these  quantities  were  being  given  for  itself  alone,  without  con- 
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nection  with  other  quantities,  it  would  not  have  been  justifiable  to 
retain  all  the  irregularities  which  some  of  the  curves  show.  The 
reason  for  retaining  the  irregularities  is  that  the  attempt  has  been 
made  to  present  a  set  of  data  which  should  be  thermodynamically 
consistent.  Let  us  suppose,  for  example,  that  the  compressibility 
and  the  dilatation  were  both  determined  from  the  original  tables  of 
volumes  and  that  they  have  been  plotted  against  pressure.  Both 
of  these  curves  show  irregularities  which  may  be  smoothed  off  by 
drawing  smoother  curves  through  the  points,  thus  giving  values  of  the 
compressibility  and  the  dilatation  which  doubtless  in  themselves 
represent  with  greater  probability  the  actual  compressibility  and 
dilatation.  But  each  of  these  modified  values  for  the  compressibility 
and  the  dilatation  will  have  a  reflex  effect  on  the  table  of  volumes, 
which  has  now  become  inconsistent  with  the  better  values  of  the 
compressibility  and  the  dilatation,  and  must  therefore  be  altered 
slightly  so  as  to  be  in  accord  with  the  new  values.  The  alteration 
in  the  table  necessary  to  accomplish  this  may  be  produced  by  changes 
less  than  the  possible  experimental  error.  But  the  point  is  this. 
Either  the  revised  value  of  the  compressibility  or  of  the  dilatation  is 
sufilicient  of  itself  to  completely  revise  the  table  of  volume.  If  we 
are  to  adjust  the  compressibility  or  the  dilatation  we  must  do  it  so 
that  both  have  the  same  reflex  action  on  the  table.  Furthermore, 
all  seven  thermodynamic  quantities  must  be  adjusted  in  the  same 
way.  It  is  evident  that  this  is  a  task  of  no  small  difficulty.  To 
perform  it,  the  only  method  seems  to  be  a  tedious  one  of  trial  and 
error.  The  labor  of  such  an  adjustment  would  be  far  beyond  the 
labor  of  making  the  measurements  with  greater  accuracy,  and  the 
labor  had  much  better  be  so  used  in  performing  new  experiments. 
It  must  furthermore  be  remembered  that  the  values  in  the  tables 
have  been  smoothed  once  with  respect  to  both  temperature  and 
pressure.  Any  further  changes  would  amount  simply  to  slight 
changes  in  this  smoothing;  changes  which  were  not  justifiable  by  an 
examination  of  the  data  themselves  but  are  rendered  probable  only 
by  an  examination  of  certain  derived  quantities.  The  choice  has 
been  made  in  this  paper,  therefore,  to  present  results  which  may  be 
slightly  in  error  when  taken  by  themselves,  but  which  are  neverthe- 
less consistent  thenpodynamically. 

IV.    Numerical  Details  of  Experiment  and  Computation. 

In  the  detailed  discussion  and  presentation  of  the  results  for  the 
twelve  liquids  which  is  to  follow,  there  will  be  given  the  experimental 
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accuracy  to  be  expected  for  each  liquid  (because  for  some  liquids  the 
accuracy  is  greater  than  for  others),  and  also  the  sources  and  the 
numerical  values  of  the  results  of  other  observers  which  have  been 
used  in  computing  the  results  given  here.  The  results  taken  from 
other  work  are  the  density  at  atmospheric  pressure,  the  thermal 
dilatation,  the  initial  compressibility  for  low  pressure  ranges,  and  the 
specific  heats  at  atmospheric  pressure.  Unless  otherwise  specified, 
the  values  for  the  density  at  atmospheric  pressure  have  been  taken 
from  the  recent  tables  of  Kaye  and  Laby,  and  the  values  for  the 
thermal  dilatation  have  been  deduced  from  the  tables  of  Landolt 
and  Bomstein.  In  these  tables  the  volume  at  any  temperature  is 
given  in  terms  of  the  volume  at  0°  by  a  power  series  of  the  form 
Vt  =^  Vq  {1  -{-  at  -{-  bfi  -h  cfi).  In  reproducing  this  expression  it  will 
not  be  necessary  to  repeat  the  formula  each  time,  but  merely  to  give 
the  values  of  the  three  constants  a,  6,  and  c, 

•It  has  been  mentioned  on  page  22  that  in  computing  the  changes 
of  volmne  with  pressure  at  40°,  it  was  found  that  beyond  500  kgm. 
the  shape  of  the  curves  was  nearly  the  same  for  all  twelve  liquids, 
the  only  difference  being  in  the  numerical  magnitudes.  The  con- 
stants used  in  the  general  pressure-volume  formula  of  page  22  for  the 
average  of  the  twelve  liquids  were  as  follows;  a  =  —  0.0029, 
/3  =  -0.0546,7  =  +0.2969,  and  5=  -0.1804.  To  pass  from  this 
general  formula  to  any  one  of  the  twelve  liquids  each  of  these  four 
constants  is  to  be  multiplied  by  the  same  factor.  This  factor  will 
be  given  in  the  following  under  the  name  of  the  "reduction  factor." 

The  discussion  is  to  be  one  of  merely  the  numerical  details  of  the 
measurements  and  the  computations.  The  discussion  of  the  general 
character  of  the  results  and  their  significance  will  be  reserved  until 
the  data  have  all  been  presented. 

Methyl  Alcohol. —  Three  sets  of  measurements  were  made 
on  this  substance  with  three  different  fillings  of  the  apparatus,  the 
last  being  separated  by  nearly  three  months  from  the  earlier  two. 
The  first  measurement  was  of  the  thermal  dilatation  and  compres- 
sibility at  low  pressures  with  the  larger  bulb  adapted  for  low  pressure 
work.  The  next  set  of  measurements,  made  immediately  afterwards, 
was  of  the  compressibiUty  and  dilatation  at  the  higher  pressures 
with  the  smaller  bulb  for  the  high  pressure  work.  The  third  measure- 
ment was  with  the  high  pressure  bulb,  and  included  the  compres- 
sibility and  dilatation  over  the  entire  pressure  range,  both  high  and 
low  pressures.  The  measurements  at  low  pressures  were  made,  as 
already  explained,  before  the  piston  had  been  upset  by  the  higher 
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pressures.  The  accuracy  of  the  compressibility  measurements  may 
be  estimated  from  the  fact  that  the  mean  discrepancy  of  the  piston 
displacements  in  the  two  sets  of  high  pressure  readings  was  0.0035 
inch,  the  maximum  displacement  being  2.07  inches.  For  the  dilata- 
tion, the  average  discrepancy  in  the  piston  displacement  for  a  rise 
of  temperature  of  20°  was  0.0011  inch,  the  average  displacement  being 
0.070  inch. 

In  computing  the  volumes  at  atmospheric  pressure  the  density  at 
15°  was  taken  to  be  0.7960,  from  Kaye  and  Laby.  The  constants  of 
the  dilatation  formula  from  Landolt  and  Bomstein  are  as  follows; 
a  =0.021186,  6=0.05156,  c=0.0891«.  This  gives  for  the  density  at 
0°,  0.8100.  The  quantity  of  methyl  alcohol  to  which  the  tables  and 
the  diagrams  refer  weighs,  therefore,  0.8100  gm.  Since  the  boiling 
point  of  methyl  alcohol  is  64.7°,  the  volume  listed  in  Table  II  for  80° 
and  atmospheric  pressure  is,  therefore,  merely  an  extrapolation  by 
means  of  the  formula. 

The  "reduction  factor"  by  means  of  which  the  transition  was  made 
from  the  mathematical  formula  for  volume  in  terms  of  pressure  at 
40°  to  the  experimental  curve  was  1.009. 

The  change  of  volume  from  1  to  500  kgm.  at  40°  was  taken  as 
0.0483,  following  Amagat.  It'  should  be  noticed,  however,  that 
Amagat  gives  for  the  volume  at  40°  and  atmospheric  pressure  1.0438, 
against  1.0483  of  the  tables  of  Landolt  and  Bomstein.  In  this  work 
the  value  1.0483  was  taken  as  the  volume  at  40°,  but  Amagat 's  value 
for  the  change  of  volume  1-500  kgm.  was  adopted  without  correction. 
At  low  pressures  (20°)  the  present  experimental  values  for  the  changes 
of  volume  were  as  follows:  1-500  atmos.,  0.0530;  500-1000,  0.0294; 
1000-1500,  0.0242;  1500-2000,  0.0199.  The  corresponding  values  of 
Amagat  are  0.0480,  0.0300,  0.0239,  0.0194.  The  agreement  is  fairiy 
good,  except  for  the  lowest  pressure  interval,  where  as  has  been  pointed 
out,  the  present  method  can  only  indicate  the  probable  result  by  an 
extrapolation.  The  newly  published  result  of  Richards  is  0.0430 
for  the  change  of  volume  at  20°  for  an  increase  of  500  kgm.  of  pressure 
as  against  0.0415  listed  in  the  tables  of  volume. 

The  volume  of  methyl  alcohol  is  shown  as  a  function  of  pressure 
and  temperature  in  Table  II  and  in  Figure  8. 

The  compressibility,  ft  of  the  first  five  alcohols  has  been  measured 
by  Pagliani  and  Palazzo,^  who  have  collected  their  results  into  formulas 
of  the  type,    ft  =  ft  (1  +  «<  +  bf).    Their  pressure  range  was  1-4 

6  Pierre,  Ann.  ehim.  et.phys.,  15,  325  (1845). 

7  Pagliani  and  Palazzo.  Mem.  R.  Ace.  Lin.,  19,  279  (1883/84). 
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atmospheres.    Within  this  range  the  change  of  compressibility  with 
pressure  is  negligible.     The  values  found  from  their  formulas  (reduc* 


TABLE  II. 
Volume  of  Methyl  Alcohol. 


Pressure, 
kgm. 
cm." 

Volume                      1 

20«». 

30«. 

40«. 

60*». 

60«. 

70». 

80«. 

1 

1.0238* 

1.0361 

1.0483 

1.0610 

1.0737 

1.0869 

1.1005 

.500 

0.9823 

0  9909 

1.0000 

1.0096 

1.0197 

1.0401 

1.0416 

1000  . 

.9530 

.9607 

0.9684 

0.9763 

0.9844 

0.9929 

1.0023 

1500 

.9276 

.9347 

.9415 

.9481 

.9549 

.9621 

0.9697 

2000 

.9087 

.9151 

.9213 

.9271 

.9331 

.9393 

.9456 

2500 

.8930 

.8988 

.9044 

.9098 

.9151 

.9205 

.9260 

3000 

.8792 

.8845 

.8897 

.8947 

.8997 

.9047 

.9095 

3500 

.8663 

.8712 

.8761 

.8808 

.8854 

.8899 

.8944 

4000 

.8551 

.8597 

.8642 

.8687 

.8730 

.8773 

.8814 

4500 

.8449 

.8492 

.8535 

.8577 

.8618 

.8657 

.8695 

5000 

.8354 

.8395 

.8436 

.8476 

.8515 

.8552 

.8588 

6000 

.8192 

.82.32 

.8271 

.8307 

.8344 

.8379 

.8412 

7000 

.8053 

.8091 

.8129 

.8164 

.8196 

.8228 

.8262 

8000 

.7936 

.7972 

.8008 

.8040 

.8070 

.8108 

.8134 

9000 

.7827 

.7861 

.7894 

.7924 

.7952 

.7981 

.8013 

10000 

.7725 

.7757 

.7788 

.7818 

.7847 

.7876 

.7905 

11000 

.7634 

.7663 

.7693 

.7724 

.7756 

.7786 

.7813 

12000 

.7559 

.7586 

.7614 

.7647 

.7682 

.7712 

.7738 

tion  being  made  from  atmos.  to  kgm.)  at  20'',  40^  60^  and  80"*, 
were  0.0,113,  0.0,124,  0.0,142,  and  0.0,158  respectively.  The  values 
foimd  from  the  present  data  by  the  method  of  computation  outlined 


Digitized  by 


Goo^Q 


BRIDOMAN. —  THERMODYNAMIC   PROPERTIES  OF   LIQUIDS.  41 

on  page  29  are  0.0,101,  0.0,124,  0.0,137,  and  0.0,147  respectively. 
The  means  adopted  for  this  paper  are  108,  124,  140,  and  152  respec- 
tively. There  are  also  values  for  the  compressibility  by  other  observ- 
ers, but  not  under  conditions  so  nearly  comparable  with  those  here. 
These  values  are:  0.0,104  at  14.7^  and  0.0,221  at  100°  between  8.7 
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Figure  8.  Methyl  Alcohol.  Volume  at  20^  40^  60°,  and  80**  plotted 
against  pressure.    The  lower  curve  gives  the  volume  at  20°. 

and  37  atmos.  by  Amagat';  0.0«91  at  13.5°  and  7.5  atmos.  by  Grassi*; 
0.0,108  at  2.7°  and  8  atmos.  and  0.0,120  at  18°  and  8  atmos.  by  Ront- 
gen.^°  The  newly  published  value  of  Richards  for  the  compressibility 
at  20°  is  0.0,109  against  0.0,108  adopted  above. 

There  are  a  few  measurements  for  the  specific  heat,  Cp,  at  atmos- 
pheric pressure;  20.39  between  5°  and  10°,  20.28  between  10°  and  15°, 
and  20.76  between  15°and  20°  by  Regnault  ^^;  22.29  between  23°  and 
43°  by  Kopp;^^  21.56  between  5°  and  13°  by  Lecher;^^  and  21.40 
between  15.5°  and  34.9°,  21.82  between  19.6°  and  45°,  22.13  between 
18.1°  and  50.4°,  and  22.77  between  20.5°  and  63.2°  by  von  Reis.^* 

8  Amagat.  Ann.  chim.  et  phys.,  11,  520-649  (1877). 

9  Grassi.  Am.  chim.  et  phys.,  31,  437  (1851). 

10  Rontgen.  Wied.  Ann.,  44,  1  (1891). 

11  Regnault,  Ann.  chim.  et  phys.,  9,  322  (1843). 

12  Kopp.  Pogg.  Ann.,  76,  98  (1848). 

13  Lecher,  Wwn  Ber..  76.  937  (1877). 

14  von  Reis,  Wied.  Ann.,  18,  447-465  (1881). 
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These  values  are  in  the  units  of  thb  paper.  It  will  be  seen  that  the 
results  of  different  observers  do  not  agree  within  5%.  The  results  of 
von  Reis,  however,  do  justify  us  in  assuming  that  C,  increases  with 
rising  temperature. 

Ethyl  Alcohol.  More  measurements  were  made  on  this  than 
on  most  of  the  other  substances,  because  it  was  the  liquid  with 
which  the  preliminary  tests  of  the  apparatus  were  made,  but  several 
of  the  early  runs  were  not  carried  to  completion  because  of  accident. 
Measurements  were  made  with  five  fillings  of  the  apparatus.  The 
first  of  the  five  fillings  was  made  with  the  alcohol  enclosed  in  a  glass 
bulb,  instead  of  in  a  steel  one,  as  in  the  final  experiments.  This 
filling  gave  all  the  information  desired  at  the  low  pressures,  and  also 
the  thermal  dilatation  over  nearly  the  entire  high  pressure  range, 
but  was  terminated  by  polarization  effects  in  the  manganin.  The 
polarization  was  found  to  be  due  to  the  breaking  of  the  glass  bulb, 
allowing  the  alcohol  to  diffuse  to  the  coil.  The  readings  before  the 
break  appeared  should  be  trustworthy.  The  second  of  the  five  sets 
of  measurements  was  of  the  compr^sibility  at  high  pressures,  and  was 
completed  without  accident,  but  had  to  be  discarded,  for  reasons  that 
will  appear  later.  The  third  set  was  of  the  dilatation  and  compres- 
sibility at  high  pressures.  This  also  showed  polarization,  but  not 
until  the  very  end  of  the  compressibility  run.  For  the  second  and 
third  runs  a  steel  bulb  was  used,  but  the  top  was  put  on  with  soft 
solder.  This  soft  solder  gave  way  under  pressure,  allowing  the 
kerosene  to  mix  with  the  alcohol.  The  polarization  probably  did  not 
occur  as  soon  as  the  solder  cracked,  because  it  takes  time  for  the 
alcohol  to  diffuse  through  the  kerosene  to  the  coil.  The  compres- 
sibility measurements  of  the  third  run  are,  therefore,  more  likely  to 
be  in  error  than  the  dilatation  measurements,  which  were  made  a 
considerable  time  before  the  polarization  appeared.  Because  the 
apparatus  was  the  same,  the  second  run  is  likely  to  be  in  error  just  as 
the  compressibility  measurements  of  the  third,  the  polarization  not 
having  time  to  appear  in  the  second  run  before  the  apparatus  was 
taken  apart.  The  early  dilatation  measurements  were  retained, 
therefore,  and  the  early  compressibility  measurements  discarded. 
The  agreement  of  the  early  compressibility  measurements,  which 
presumably  were  made  on  a  mixture  of  kerosene  and  ethyl  alcohol, 
was  good,  0.3%,  but  they  were  about  4%  higher  than  the  results  of 
the  final  successful  run.  The  last  two  of  the  five  runs  were  carried 
through  without  accident,  one  being  of  the  compressibility  and  dila- 
tation at  low  pressures,  and  the  other  the  corresponding  measure- 
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ments  for  high  pressures.    For  these,  and  for  all  subsequent  runs, 
the  top  of  the  bulb  was  put  on  with  silver  solder. 

TABLE  III. 
Volume  of  Ethtl  Alcohol. 


Pressure, 
kgm. 
cm.* 

Volume. 

20«. 

30«. 

40*. 

60«». 

60«». 

70«. 

80*. 

1 

1.0212 

1.0323 

1.0438 

1.0557 

1.0679 

1.0805 

1.0934 

500 

0.9794 

0.9873 

0.9956 

1.0044 

1.0135 

1.0233 

1.0334 

1000 

.9506 

.9570 

.9636 

0.9707 

0.9781 

0.9861 

0.9944 

1500 

.9267 

.9323 

.9380 

.9440 

.9505 

.9572 

.9640 

2000 

.9081 

.9131 

.9182 

.9235 

.9291 

.9349 

.9407 

2500 

.8923 

.8969 

.9016 

.9064 

.9114 

.9165 

.9216 

3000 

.8786 

.8830 

.8874 

.8919 

.8964 

.9010 

.9055 

3500 

.8661 

.8702 

.8746 

.8789 

.8831 

.8873 

.8915 

4000 

.8545 

.8586 

.8628 

.8668 

.8708 

.8747 

.8787 

4500 

.8439 

.8481 

.8521 

.8559 

.8597 

.8634 

.8671 

5000 

.8343 

.8383 

.8424 

.8461 

.8498 

.8533 

.8568 

6000 

.8178 

.8218 

.8256 

.8291 

.8324 

.8356 

.8387 

7000 

.8038 

.8075 

.8110 

.8142 

.8171 

.8200 

.8229 

8000 

.7917 

.7952 

.7984 

.8013 

.8038 

.8065 

.8094 

9000 

.7807 

.7840 

.7868 

.7893 

.7917 

.7954 

.7973 

10000 

.7703 

.7733 

.7760 

.7785 

.7809 

.7835 

.7863 

11000 

.7606 

.7633 

.7659 

.7693 

.7713 

.7741 

.7765 

12000 

.7521 

.7545 

.7571 

.7600 

.7631 

.7652 

.7682 

The  average  discrepancy  of  the  piston  displacement  for  a  rise  of 
temperature  of  20°  at  constant  pressure  was  0.0016  inch,  the  mean 
displacement  being  about  0.070  inch. 
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The  reduction  factor  from  the  mathematical  formula  for  volume 
in  terms  of  pressure  at  40°  was  0.9979. 

The  density  at  atmospheric  pressure  and  0°  was  taken  as  0.80G3. 
The  constants  of  the  dilatation  formula  of  I/andolt  and  Bomstein 
were  a  =0.021022,  b  =0.06182,  c  =0.     The  values  of  the  volume  given 


E 
E 

3 
I 


0123466789     10     U12 

Pressure,  ks:tn.  /  cm.'  x  10^ 

Ethyl  Alcohol 

Figure  9.  Ethyl  Alcohol.  Volume  at  20^  40^  60°  and  80**  plotted 
against  pressure.    The  lower  curve  gives  the  volume  at  20  . 

by  this  formula  are  1.0212,  1.0138,  and  1.0679  at  20°,  40°  and  60°" 
respectively.  We  also  have  values  of  Pierre^',  which  are  1.0216,. 
1.0448,  and  1.0695  at  the  same  temperatures  respectively. 

Amagat  gives  .0484  for  the  change  of  volume  from  1  to  500  kgm. 
His  value  for  the  volume  at  40°  is  1.0442  against  1.0438  above.  In 
the  tables,  0.0484  was  used  as  thexhange  of  volume  1-500,  and  1.0438 
as  the  volume  at  atmospheric  pressure.  At  20°,  the  change  of  volume 
between  1  and  500  atmos.  was  found  to  be  0.0477  against  0.0438  of 
Amagat.  The  numbers  for  the  succeeding  500  atmos.  intervals  were 
0.0287,  0.0236,  0.0193  against  0.0297,  0.0228,  and  0.0188  of  Amagat. 

The  volume  as  a  function  of  pressure  and  temperature  is  given  in 
Table  III  and  in  Figure  9. 

The  initial  compressibilities  at  20°,  40°,  60°,  and  80°,  computed  aa 
described,  were  found  to  be  0.0.105,  0.0.121,  0.0,138,  and  0.0.151, 
respectively.  The  corresponding  values  of  Pagliani  and  Palazzo  are: 
0.0,102,  0.0,114,  0.0,130,  and  0.0,151.     The  agreement  is  as  good  as 

15  Pierre,  Am.  chim.  et  phys.,  19,  199  (1847). 
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could  be  expected  for  measurements  for  this  nature.  The  means 
shown  in  the  curves  are:  0.0,104, 0.O3I  18, 0.0,135,  and  0.0,151.  Com- 
parison may  also  be  made  with  the  values  of  Amagat,^*  which  are 


TABLE  IV. 
Cp    FOR  Ethyl  Alcohol. 


ObMrver. 

Temp. 

Cp  (kgm.  cm.). 

Regnaultl7 

-20** 

17.37 

0° 

18.81 

40° 

22.63 

80** 

26.44 

Sutherland  18 

80° 

24.49 

120° 

31.27 

Zettennan  l» 

20° 

31.23 

De  Heen  and  Deruytsao 

40° 

20.53 

von  Reis 

15°.  7-35°.  1 

19.93 

20°. 7-45°. 7 

20.78 

18°. 4-66°. 0 

21.32 

19°.8-62°.9 

21.79 

20°. 5-73°. 4 

22.44 

O.OiQSl  at  W  and  0.0,196  at  99.4''  at  a  mean  pressure  of  22  atmos. 
The  agreement  at  the  lower  temperature  is  good;  the  upper  tempera- 
ture is  beyond  the  range. 

For  Cp  at  atmospheric  pressure  we  have  a  number  of  values  which 
are  shown  in  Table  IV.  The  results  are  in  very  bad  agreement,  as 
may  be  seen  by  plotting  them.  It  is  however,  perfectly  certain  that 
on  the  whole  Cp  for  ethyl  alcohol  increases  with  rising  temperature. 

16  Amagat,  1.  c.  (1877). 

17  Resnault,  M6m.  Acad.,  26,  262  (1862). 

18  Sutherland,  Phil,  Mag.,  26,  298  (1888). 

19  Zettennan,  Akad.  Afh.  Helsingfors  (1880). 

20  De  Heen  and  Deruyts.  BuU  de  Belg.,  16,  168  (1888). 
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Propyl  Alcohol. —  Readings  were  made  on  this  liquid  with  two 
fillings  of  the  apparatus.    The  first  was  of  the  compressibility  and  the 

TABLE  V. 
Volume  of  Propyl  Alcohol. 


Pressure. 

Volume. 

kfon. 
cm.« 

20O. 

30«». 

40«. 

60«». 

60*. 

TC*. 

*80«». 

1 

1.0173 

1.0274 

1.0380 

1.0493 

1.0612 

1.0737 

1.0865 

500 

0.9780 

0.9864 

0.9948 

1.0034 

1.0121 

1.0213 

1.0320 

1000 

.9498 

.9571 

.9641 

0.9710 

0.9779 

0.9853 

0.9934 

1500 

.9297 

.9357 

.9415 

.9473 

.9533 

.9594 

.9657 

2000 

.9142 

.9192 

.9242 

.9293 

.9344 

.9396 

.9448 

2500 

.9011 

.9055 

.9100 

.9145 

.9190 

.9236 

.9282 

3000 

.8897 

.8937 

.8979 

.9021 

.9062 

.9103 

.9145 

3500 

.8794 

.8833 

.8872 

.8911 

.8949 

.8987 

.9025 

4000 

.8700 

.8738 

.8776 

.8813 

.8849 

.8884 

.8919 

4500 

.8612 

.8650 

.8688 

.8723 

.8758 

.8791 

.8823 

5000 

.8529 

.8567 

.8604 

.8639 

.8671 

.8702 

.8732 

6000 

.8390 

.8426 

.8462 

.8494 

.8524 

.8555 

.8579 

7000 

.8266 

.8300 

.8333 

.8363 

.8391 

.8416 

.8442 

8000 

.8163 

.8193 

.8223 

.8250 

.8277 

.8302 

.8328 

9000 

.8069 

.8098 

.8124 

.8150 

.8175 

.8201 

.8230 

10000 

.7984 

.8011 

.8037 

.8060 

.8085 

.8112 

.8142 

11000 

.7909 

.7934 

.7958 

.7980 

.8004 

.8031 

.8061 

12000 

.7840 

.7864 

.7885 

.7905 

.7928 

.7955 

.7982 

dilatation  at  the  higher  pressures,  and  the  second  was  the  complete 
set,  both  compressibility  and  dilatation  at  both  high  and  low  pres- 
sures.   During  the  last  set  of  readings,  however,  the  moveable  plug 
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pinched  off  at  a  high  pressure  because  of  fatigue,  so  that  there  is  only 
one  reading  for  the  dilatation  at  the  two  highest  pressui-es.  The 
agreement  between  the  two  sets  at  the  lower  pressures  was  good 
enough  however,  so  that  it  did  not  seem  necessary  to  set  the  appara- 
tus up  again  merely  to  repeat  these  last  t\^'o  readings. 
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Figure  10.  Propvl  Alcohol.  Volume  at  20**,  40^  60*,  and  80*  plotted 
against  pressure.    The  lower  curve  gives  the  volume  at  20**. 

The  average  discrepancy  between  the  piston  displacement  of  the  two 
determinations  of  the  compressibihty  at  high  pressures  was  0.0026 
inch  on  a  total  stroke  of  2  inches.  The  average  discrepancy  in  the 
displacements  at  constant  pressure  corresponding  to  an  increase  of 
temperature  of  20°  was  0.0018  inch  on  a  mean  displacement  of  about 
0.070  inch. 

The  reduction  factor  from  the  mathematical  formula  was  0.8726. 

The  density  at  0°  is  0.8179.  The  constants  of  the  dilatation  for- 
mula are:  a  =  0.Q2774,  6  =  0.0b497,  c  =  —  O.OjHl.  These  values  of 
a,  b,  and  c  are  from  results  of  Zahnder,^^  who  gives  for  the  density 
at  0"*  0.8177,  instead  of  0.8179  above.  The  agreement  is  virtually 
perfect.  In  addition  we  have  data  by  Naccari  and  Pagliani^^  who 
give  for  the  density  at  0°  0.8203,  and  for  the  volume  at  20°,  40°,  60°, 
and  80°,  1.020,  1.042,  1.064,  and  1.090  respectively,  against  1.017, 
1.038,   1.061,  and   1.0865  adopted  from  Zahnder's  formula  above. 

21  Zahnder,  Lieb.  Ann.,  226,  114^193  (1882). 

22  Naccari  and  Pagliani.  Att.  R.  Ace.  dell.  Sc,  16  (Sept.  1881). 
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Here  again  it  seems  as  if  the  agreement  between  different  observers 
should  be  better. 

The  volume  of  propyl  alcohol  as  a  function  of  pressure  and  tempera- 
ture is  given  in  Table  V  and  in  Figure  10. 

At  40®,  Amagat  gives  for  the  change  of  volume  between  1  and  500 
kgm.  0.0432,  which  is  the  value  used  in  the  table.  He  gives,  however, 
1.0406  for  the  volume  at  atmospheric  pressure  against  1.0380  adopted 
above.  It  will  be  noticed  that  Amagat's  value  lies  between  those  of 
Zahnder  and  of  Naccari  and  Pagliani.  At  low  pressures  and  20® 
the  changes  of  volume  for  successive  intervals  of  500  atmos.  were 
found  to  be:  0.0407,  0.0245,  0.0202,  and  0.0170,  against  0.0399, 
0.0274,  0.0211,  and  0.0176  of  Amagat.  The  agreement  for  the  lowest 
pressure  interval  is  better  than  on  the  average.  Richards  in  his 
recent  paper  gives  a  change  of  volume  between  1  and  500  kgm.  con- 
siderably smaller  than  that  used  here,  namely  0.0355  against  0.0393. 
It  should  be  remembered  that  the  value  used  in  this  work  for  20® 
is  founded  essentially  on  Amagat's  value  for  40®,  the  only  difference 
being  a  small  temperature  correction  determined  from  these  present 
data.  The  disagreement  just  noted  means  therefore,  that  the  values  of 
Richards  are  considerably  lower  than  those  of  Amagat 

The  initial  compressibilities  at  20®,  40®,  60®,  and  80®  were  as  follows; 
to  give  the  value  of  AV  listed  in  the  table  0.0492,  0.0sl03,  0.0^118, 
and  0.08130  respectively;  the  corresponding  values  of  Pagliani  and 
Palazzo  are  0.0i90,  0.0,101,  0.0,115,  and  0.0,133.  The  agreement  b 
good.  The  final  values  taken  as  a  fair  mean  were:  O.O49I,  0.0,102, 
O.O3II7,  0.0,131.  Rontgen  has  also  measured  the  compressibility  at 
atmospheric  pressure.  His  value  for  20®  would  be  0.04955,  judging 
from  a  linear  extrapolation  from  his  values  at  4®  and  18®.  Richard's 
recent  value  at  20®  is  0.0|873,  lower  than  any  other  of  the  values  given 
above. 

For  Cp  at  atmospheric  pressure  we  have  the  following  values: 
-  21®  to  +12®,  18.02  by  Nadejdme*^  21®  to  23®,  22.99  by  Pagliani;" 
21®  to  90®,  23.55  by  Lougiunine";  and  from  16.5®  to  42.2®,  20.54. 
from  20.6®  to  53.4®,  21.34,  from  20.4®,  to  65.2®,  21.99,  from  19.5® 
to  78.5®,  22.63,  and  from  20.7®  to  90.8®,  23.32  by  von  Reis.  These 
results  also  indicate  a  considerable  rise  of  Cp  with  rising  temperature. 

Isobutyl  Alcohol. —  Measurements  on  this  were  made  with  two  fill- 
ings of  the  apparatus ;  the  first  gave  the  compressibility  and  the  dilata- 

23  Nadejdine.  Jour.  Russ.  Phys.  Chem.  Ges.,  16,  222  (1884). 

24  Pagliani,  N.  Cim..  11.  229  (1882). 

25  Lougiunine,  Am.  chim.  phys.,  18,  289  (1898). 
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tion  over  the  high  pressure  range,  and  the  second  the  compressibility 
and  dilatation  over  both  the  high  and  low  pressure  ranges.  The  use  of 
isobutyl  instead  of  normal  butyl  alcohol  was  not  intended.  In  order- 
ing the  chemicals,  normal  butyl  was  not  specified,  and  it  was  not 
noticed  that  the  substance  sent  was  isobutyl  until  all  the  preparations 
had  been  made  for  a  run.  This  substance  has  the  disadvantage, 
of  not  being  one  of  the  same  series  as  the  four  other  alcohols.  How- 
ever, it  makes  little  difference  so  far  as  the  comparison  of  the  results 
with  those  of  Amagat  is  concerned,  for  Amagat  did  not  work  with 
either  normal-  or  iso-butyl  alcohol.  Furthermore,  the  use  of  this 
substance  has  proved  very  instructive  in  showing  that  a  change  in 
the  structural  formula  changes  the  properties  even  at  high  pressures. 
It  might  be  expected  that  high  pressures  would  wipe  out  variations 
due  to  structural  differences,  but  such  has  not  proved  to  be  the  case, 
at  least  to  12000  kgm. 

The  average  discrepancy  in  the  piston  displacements  of  the  two 
determinations  of  compressibility  was  0.0024  inch  on  a  total  displace- 
ment of  2.0  inches.  The  mean  discrepancy  of  the  displacement  for  the 
thermal  dilatation  for  20°  was  0.0008  inch  on  a  mean  of  about  0.070 
inch.  The  agreement  between  the  two  sets  of  readings  for  the  highest 
temj>erature  range,  60°-80°,  was  virtually  perfect. 

The  reduction  factor  for  the  mathematical  formula  was  0.9342. 

Landolt  and  Bornstein's  tables  do  not  contain  the  requisite  data 
for  the  volume  of  isobutyl  alcohol  at  atmospheric  pressure.  The 
values  adopted  here  were  obtained  by  Naccari  and  Pagliani,  and  are 
apparently  the  only  data  which  have  been  published  for  this  liquid. 
These  authors  have  not  expressed  their  results  by  a  power  series,  but 
prefer  instead  to  give  the  density  for  a  considerable  number  of  tem- 
peratures. By  interpK)lation  from  their  results  the  volumes  at  20°, 
40°,  60°,  and  80°  were  found  to  be:  1.0195, 1.0406,  1.0625,  and  1.0880. 
From  these  results  the  value  of  Kaye  and  Laby  for  the  density  at  18° 
is  reduced  to  0.8165  at  0°,  against  0.8162  of  Naccari  and  Pagliani, 
virtual  agreement. 

No  measurements  of  the  change  of  volume  of  isobutyl  alcohol  had 
been  made  beyond  a  few  kgm.  previous  to  these  computations,  so  the 
value  obtained  from  the  low  pressure  determinations  of  the  present 
work  was  adopted.  This  was  0.0484  at  40°  between  1  and  500  kgm. ; 
not  at  all  an  unlikely  value,  being  the  same  as  Amagat*s  for  ethyl 
alcohol.  Compressibility  determinations  of  others  at  low  pressures 
have  shown  that  isobutyl  alcohol  has  a  compressibility  considerably 
higher  than  that  of  normal  butyl  alcohol,  so  that  we  are  to  expect  a 
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value  higher  than  we  should  predict  from  the   behavior  of  propyl 
alcohol  and  a  value  as  large  as  that  of  ethyl  alcohol  does  not  seem 


TABLE  VI. 
Volume  of  Isobuttl  Alcohol. 


Pressure.' 
kgm.  ' 
cm.' 

Volume. 

20^   1 

30°.   ' 

40°. 

50".   1 

60".   1 

70*. 

80**. 

1 

1.0195 

1.0300 

1 
1.0406  1 

1.0414 

1.0625 

1.0744 

1.0880 

500  i 

0.9751 

0.9838 

0.9922 

1.0006 

1.0093 

1.0184  , 

1.0277 

1000 

.9486 

.9560 

.9632 

0.9701 

0.9768  1 

0.9840 

0.9918 

1500 

.9268 

.9330 

.9391 

.9448 

.9505 

.9565 

.9630 

2000 

.9097 

.9150 

.9202 

.9252 

.9303  i 

.9355  1 

.9410 

2500 

.8956 

.9001 

.9048 

.9094 

.9141  1 

.9187 

.9235 

3000 

.8822 

.8867 

.8905 

.8949 

.8994  ' 

1 

.9038 

.9080 

3500 

.8705 

.8743 

.8782 

.8823 

.8867  1 

.8908 

.8947 

4000 

.8601 

.8637 

.8673 

.8712 

.8755 

.8794 

.8830 

4500 

.8507 

.8541 

.8577 

.8614 

.8655  1 

j 

.8692 

.8726 

5000 

.8409 

.8443 

.8477 

.8513 

.8552 

.8587 

.8619 

6000 

.8269 

.8301 

.8335 

.8369 

.8403  ' 

1 

.8433 

.8463 

7000 

.8130 

.8163 

.8196 

.8228 

.8260  1 

.8289 

.8317 

8000 

.8028 

.8060 

.8092 

.8123 

.8154 

.8183 

.8210 

9000 

.7927 

.7959 

.7990 

.8021 

.8050 

.8079 

.8105 

10000 

.7832 

.7863 

.7894 

.7924 

.7953  1 

.7980 

.8007 

11000 

.7742 

.VVV2 

.7803 

.7833 

.7862  1 

.7888 

.7913 

12000 

.7662 

.7692 

.7722 

.7751 

.7780 

.7805 

.7827 

unlikely.  The  recent  work  of  Richards  gives  for  the  change  of  volume 
at  20^  between  1  and  500  kgm.  0.0355,  against  0.0344  used  in  the  tables. 
The  agreement  is  as  close  as  could  be  expected  when  the  rough  nature 
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of  the  present  determinations  at  the  low  pressures  is  considered;  the 
agreement  is  better  than  the  agreement  of  those  values  which  have 
been  taken  directly  from  the  work  of  Amagat. 

The  volume  of  isobutyl  alcohol  as  a  function  of  pressure  and  tem- 
perature is  shown  in  Table  VI  and  in  Figure  11. 


E 
E 

3 

I 


0123466      7      8.    9     10     U12 

Pressure,  kgm.  /  cm.^  x  10^ 

Isobutyl  Alcohol 

FiauRB  11.  Isobutyl  Alcohol.  Vohune  at  20^  40^  60%  and  80**  plotted 
against  pressure.    The  lower  curve  gives  the  volume  at  20°. 

The  compressibility  determinations  of  Pagliani  and  Palazzo  were 
fortunately  made  with  isobutyl  instead  of  normal  butyl  alcohol. 
They  give  for  20°,  40°,  60°,  and  80°  the  values  0.0492,  O.O3IO3,  0.0,118, 
and  O.O3I37.  The  values  required  to  give  the  values  of  AF  listed  in 
the  tables  are  0.0,122,  0.0,133,  0.0,144,  and  0.0,164.  The  discrepancy 
is  large,  too  large.  Instead,  however,  of  taking  the  average  of  the 
discordant  results,  it  was  preferred  to  retain  the  values  consistent 
with  the  table,  it  being  understood  that  the  initial  values  between  1 
and  500  kgm.,  both  for  the  total  change  of  volume  and  for  the  compres- 
sibility are  probably  in  error.  Abnormal  variations  of  compressi- 
bility, such  as  the  rapid  initial  decrease  with  pressure,  may  jx)ssibly 
explain  part  of  the  discrepancy.  We  have  also  a  value  of  Rontgen 
for  the  compressibility  at  20°,  O.O496,  which  is  in  very  much  better 
agreement  with  the  value  of  Pagliani  and  Palazzo  than  the  present 
value.  The  recent  value  of  Richards  is  practically  the  same  as 
Rontgen's. 

For  Cp  we  have  a  larger  number  of  measurements- than  we  should 
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expect  from  the  small  number  of  dilatation  measurements.  These 
values  are  shown  in  Table  VII.  When  plotted,  they  show  consider- 
able discrepancies.  The  value  at  —5°  of  Nadejdine  and  that  of 
Pagliani  are  almost  certainly  in  error.    The  other  points  lie  roughly 

TABLE  VII. 

Cp     FOB   ISOBUTSX  AliCOHOL. 


Ob^errer. 

Tempermture.  , 
20''-114'^     1 

(kKm-zcm.) 

LoDguinine26 

24.00 

2r-109^ 

24.94 

Nadejdine  27 

-2r--hio** 

17.70 

16''-70*' 

21.39 

18''-98'' 

23.24 

10'' 

17.49 

deHeenandDeruj-tsas  - 

40° 

22.57 

85° 

29.29 

Pagliani  29 

26°-30° 

23.90 

on  a  straight  line,  such  that  Cp  increases  from  about  15  at  0°  to  about 
23  at  50°.    This  is  a  very  considerable  increase. 

Amyl  Alcohol. — Experiments  were  made  on  this  with  three  fillings 
of  the  apparatus;  the  first  for  compressibiUty  and  dilatation  at  low 
pressures  with  the  large  bulb,  the  second  for  compressibility  and 
dilatation  over  the  high  pressure  range,  and  the  third  for  compressi- 
bility and  dilatation  over  both  ranges,  high  and  low.  The  runs  were 
all  accompUshed  without  accident  of  any  sort. 

The  average  discrepancy  of  the  piston  displacement  for  compressi- 
biUty at  40°  was  0.0019  inch  on  about  2  inches.  The  corresponding 
discrepancy  for  changes  of  temperature  of  20°  at  constant  pressure 
was  0.00206  inch  on  an  mean  of  about  0.070  inch. 

26  I^mRuinine,  1.  c. 

27  Nadejdine,  1.  c. 

28  De  Heen  and  Deruyts,  1.  c. 

29  Pagliani,  1.  c. 
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The  reduction  factor  from  the  mathematical  formula  was  0.8925, 
showing  that  at  high  pressures  amyl  alcohol  is  one  of  the  most  incom- 
pressible of  the  twelve  liquids. 

TABLE  VIII. 

Volume  op  Amyl  Alcohol. 


Pressure. 
k«in. 
cm.' 

Volume. 

20». 

30*. 

40*. 

60*. 

60". 

TO**. 

80». 

1 

1.0181 

1.0270 

1.0374 

1.0476 

1.0583 

1.0694 

1.0814 

500 

0.9800 

0.9880 

0.9959 

1.0039 

1.0122 

1.0210 

1.0304 

1000 

.9526 

.9593 

.9660  1  0.9724 

0.9792 

0.9863 

0.9936 

1500 

.9325 

.9383 

.9440 

.9495 

.9551 

.9608 

.9667 

2000 

.9158 

.9210 

.9259 

.9307 

.9354 

.9402 

.9452 

2500 

.9015 

.9064 

.9107 

.9149 

.9190 

.9232 

.9277 

3000 

.8892 

.8938 

.8979 

.9018 

.9055 

.9094 

.9136 

3500 

.8780 

.8823 

.8864 

.8900 

.8935 

.8971 

.9010 

4000 

.8682 

.8725 

.8764 

.8800 

.8832 

.8867 

.8903 

4500 

.8593 

.8635 

.8673 

.8708 

.8739 

.8772 

.8807 

5000 

.8508 

.8548 

.8585 

.8618 

.8648 

.8679 

.8713 

6000 

.8373 

.8409 

.8442 

.8471 

.8501 

.8630 

.8560 

7000 

.8251 

.8281 

.8310 

.8337 

.8363 

.8390 

.8418 

8000 

.8149 

.8176 

.8201 

.8225 

.8250 

.8274 

.8302 

9000 

.8044 

.8068 

.8092 

.8114 

.8138 

.8163 

.8190 

10000 

.7948 

.7971 

.7994 

.8018 

.8041 

.8066 

.8091 

11000 

.7860 

.7886 

1  .7904 

.7932 

.7954 

.7976 

.8001 

12000 

.7782 

.7803 

.7826 

1 

.7854 

.7882 

.7905 

.7926 

The  density  at  0°  and  atmospheric  pressure  was  taken  as  0.8266. 
The  constants  of  the  dilatation  formula  were:  a  =  O.O2S9,  b  =  0.0^57, 
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c  -  O.O7II8.  This  fonnula  of  Landolt  and  Bomstein  seems  to  be 
taken  from  Pierre.'*^  It  gives  for  the  volumes  at  20°,  40%  60°,  and 
80°  the  values  1.0181,  1.0374,  1.0583,  and  1.0814  respectively.  We 
have  also  the  following  values  by  Pierre  and  Puehot^M  10187, 1.0397, 
1.0010,  and  1.08^>4.     These  authors  give  for  the  density  at  0°,  0.817. 


E 

3 


0123456789     10     U     12 
Pressure,  Vigm.  /  cm.'  x  10' 
'Amyl  Alcohol 

Fk>ubk  12.  Ajfjvl  MaAuA.  Volume  at  20*.  40**,  60**,  and  SC  plotted 
agairuft  prtTmurH.     ilie  Iow*t  ftirve  t^ve-a  the  volume  at  20". 

JSahmJer*^  giv#fs  for  the  den.<>ity  at  0°  0.829,  and  for  the  constants  of 
the  dilatation  formula,  a  -  0.0/^19,  b  «  — 0.0«461,  and  c  =  O.O7I75? 
Here  again  tlie  di'^^rf^^nd^-^  appear  to  be  greater  than  they  should 
in  meahurernenis  of  this  r-liararrter. 

For  the  change  of  volume  Urtwwm  1  and  500  kgm.  there  seem  to  be 
no  other  data  a«»  a  baoi^  of  fttfuimnMm.  Amagat  used  ally]  instead  of 
amyl  ahohrj  for  v^me  unknmvn  reasr>n.  The  only  course,  therefore, 
waM  to  a/oifpt  the  value  given  by  this  present  work  for  the  lower 
pn.*««ure  inti-rval,  namHy  OJyi'A.  That  this  figure  is  about  correct, 
however,  in  Hfx>k#Ti  for  by  the  rather  unusually  close  agreement  of  the 
two  uu^w^untiHTHU  iff  the  pi -ton  dl-plaoement  at  20°,  0.389  inch  and 
0.379  inrh,  a  di*<agr#-<^fi#'rit  of  2J//f. 

llie  volume  of  amyl  al/ohol  as  a  function  of  pressure  and  tempera- 
ture iH  nhown  in  Tabh-  V'lll  and  in  V'li^re  12. 


«0  ^'iirr*'.  \  f    nKilf. 

«X  Vy-rr*'  tuA  l'«)':li/yt,  Ann.  chim.  et  phys.  (4),  22,  306? 

32  7aJiiA*t,  I  f. 
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For  Cp  we  have  the  following  values:  19.89  by  Kopp'^  for  the 
temperature  range  26°^i4°;  24.43  by  Regnault'*  for  the  range  10®- 
117°;  24.51  by  Louguinme*'  between  21"*  and  130"*;  and  22.97  be- 
tween 20.5°  and  100.1°,  23.64  between  22.2°  and  111.6°,  and  24.23 
between  22.2°  and  124.5°  by  von  Reb.  These  values,  which  are 
rather  more  consistent  than  usual,  show  a  fairly  rapid  increase  of  Cp 
with  temperature. 

Ether. — Measurements  were  made  on  this  liquid  with  four  different 
filUngs  of  the  apparatus.  The  first  two,  made  before  the  method 
had  been  perfected,  were  neither  complete  because  of  accidents,  but 
between  them  they  give  completely  the  compressibility  and  the 
dilatation  over  the  entire  high  pressure  range.  The  third  set  of 
readings  was  over  the  low  pressure  range;  this  set  was  repeated 
without  refilling  the  apparatus.  The  fourth  set,  made  with  the 
perfected  apparatus,  was  over  the  high  pressure  range,  and  was  com- 
pleted successfully  without  accident. 

There  were  three  sets  of  piston  displacements  for  the  compressi- 
bility at  40°.  The  mean  discrepancy  of  these  was  i%  on  the  maxi- 
mum displacement,  which  is  below  the  average  in  accuracy.  The 
mean  discrepancy  of  the  pbton  displacements  for  the  thermal  dilata- 
tion was  0.0022  inch  on  about  0.070  inch,  which  is  nearly  normal. 

The  reduction  factor  from  the  mathematical  formula  was  1.104, 
showing  that  over  the  entire  range  ether  remains  more  compressible 
than  any  of  the  other  liquids,  except  ethyl  chloride. 

The  low  boiling  point  of  ether  at  atmospheric  pressure,  34.6°,  makes 
it  impossible  to  tabulate  the  initial  properties  at  the  higher  tempera- 
tures. For  this  reason  many  of  the  curves  start  at  500  kgm.  as  the 
zero  instead  of  atmospheric  pressure. 

The  density  of  ether  at  atmospheric  pressure  and  0°  was*  0.7382. 
The  three  constants  of  the  dilatation  formula  had  the  values: 
o  -0.0jl513,  6  =0.06236,  and  c  =0.07400." 

The  change  of  volume  at  40°  between  1  and  500  kgm.  was  taken 
from  Amagat  as  0.0770.  Amagat  gives  for  the  volume  at  40°  and 
atmospheric  pressure  1.0672  against  1.0669  of  the  dilatation  formula 
above.  Amagat 's  value  for  the  volume  at  40°  and  500  kgm.  was 
corrected,  therefore,  in  accordance  with  the  above.  The  low  pressure 
measurements  of  this  present  work  at  20°  are  in  unusually  good  agree- 
ment with  Amagat;  0.0665  against  0.0656  for  the  interval  1-500 


83  Kopp,  1.  c.  34  Regnault.  1.  c.  (1862). 

85  Louguinine,  1.  c.  88  Pierre,  1.  c.  (1846). 
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atmos.;  0.0370  against  0.0379  between  500  and  1000;  0.0272  against 
0.0275  between  1000  and  1500;  and  0.0216  against  0.0215  between 


TABLE  IX. 
Volume  of  Etheb. 


Pressure. 

cm.» 

20«. 

30*. 

4o^ 

50^ 

60«. 

70». 

80". 

1 

1.0315 

l.(M92 

1.0669 

' 

500 

0.9681 

0.9790 

0.9899 

1.0011 

1.01-24 

1.0247 

j 

1.0387 

1000 

.9363 

.9445 

.9530 

0.9616 

0.9707 

0.9804 

0.9906 

1500 

.9093 

.9153 

.9221 

.9291 

.9364 

.9438 

.9516 

2000 

.8871 

.8980 

.8980 

.9038 

.9099 

.9164 

.9223 

2500 

.8685 

.8734 

.8785 

.8837 

.8890 

.8943 

.8997 

3000 

.8,'>30 

.8576 

.8623 

.8670 

.8718 

.8765 

.8912 

3500 

.8395 

.8440 

.8483 

.8526 

.8570 

.8613 

.8654 

4000 

.8275 

.8318 

.8359 

.8400 

.8439 

.8478 

.8515 

4500 

.8168 

.8209 

.8249 

.8287  ' 

.8324 

.8359 

.8393 

5000 

.8071 

.8111 

.8149 

.8186 

.8220 

.8253 

.8284 

6000 

•7916 

.7954 

.7989 

.8023 

.8055 

.8085 

.8112 

7000  . 

.VVV3 

.7806 

.7838 

.7869  > 

.7899 

.7927 

.7953 

8000 

.7645 

.7675 

.7701 

.7732 

.7759 

.7786 

.7813 

9000 

.7525 

.75^ 

.7580 

.7606 

.7632 

.7658 

.7687 

10000 

.7418 

.7444 

.7469 

.7496  ; 

.7520 

.7547 

.7574 

11000 

.7312 

.73:i,5 

.7360 

.7388  ' 

.7418 

.7445 

.7469 

120(X) 

.7216 

.72:^7 

.7261 

.7289 

.7316 

.7342 

.7365 

UA}0  and  2000.  It  may  he  expected,  therefore,  that  the  low  prcs- 
sun;  values  of  the  various  therniofJynamic  properties  are  rather  more 
than  usually  accuratf  for  ether. 
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The  volume  of  ether  as  a  function  of  pressure  and  temperature  is 
sho\\Ti  in  Table  IX  and  in  Figure  13. 

For  the  initial  compressibility  at  20°  and  40°  we  have  values  of 
Amagat^^;  O.O3I84,  and  0.0s218  respectively.  There  are  also  measure- 
ments by  Avenarius^®  at  20°  and  40°;    O.OslQl,  and  O.O3232,  respec- 
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Pressure,  kgm.  /  cm.^  x  10^ 

Ether 

Figure  13.  Ether.  Volume  at  20°,  40°,  60°,  and  80°  plotted  against 
pressure.  The  lower  curve  gives  volume  at  20°.  The  curves  for  the  hi|?her 
temperatures  could  not  be  extended  to  the  origin  because  of  the  low  boiling 
point. 

tively.  The  values  needed  to  give  the  changes  of  volume  listed  in  the 
table  are  O.O3I7O,  and  O.O3215.  The  mean  values  finally  adopted  were 
O.O3I84,  and  0.03220.  There  are  also  other  measurements  by  Grimaldi^® 
and  Amagat  at  temperatures  considerably  above  the  normal  boiling 
point,  and  at  accordingly  increased  pressures,  20  kgm.  or  so.  It  was 
not  attempted  to  make  connections  with  these  values. 

Cp  has  been  measured  by  Regnault*°,  who  gives  20.97  at  0°,  and 
21.69  at  30°;  by  Sutherland*^  whose  values  are  27.35  at  80°,  and 
31.86  at  120°;  and  l)y  de  Keen",  who  found  32.59  at  140°,  and  41.27  at 


37  Amagat,  1.  c,  (1877). 

38  Avcnarius,  Bull.  Ace.  'Si.  Pot..  10  (1877). 

39  Grimaldi,  X.  Cim.,  19,  7  (1886). 

40  Regnault,  1.  c.  (1862). 

41  Sutherland,  1.  c. 

42  do  Hopn,  Bull  de  Belg.,  16,  522  (1888). 
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180°.  These  values  all  lie  roughly  on  a  curve  passing  through  20.0 
at  0°,  23.5  at  40^  27.0  at  80°,  31.0  at  120°,  and  36.5  at  160°.  The 
increase  of  Cp  with  temperature  is  fairly  rapid,  and  becomes  more 
rapid  at  the  higher  temperatures. 

Acetone. —  Two  fillings  of  the  apparatus  with  this  substance 
were  made.  The  high  pressure  measurements  only  were  made  with 
the  first  filling,  and  both  high  and  low  pressure  readings  with  the 
second.  Acetone  was  unique  among  the  liquids  used  in  that  it  froze 
under  pressure.  This  was  not  anticipated  nor  desired,  since,  for  one 
thing,  it  made  impossible  measurements  at  the  lower  temperatures 
and  higher  pressures.  Furthermore,  the  separation  of  the  solid  phase 
is  apparently  accompanied  or  foreshadowed  by  complications  in  the 
behavior  of  the  liquid,  which  it  was  not  desired  to  encounter  at  the 
present  stage.  As  a  consequence  of  the  freezing,  the  readings  at  20° 
run  only  to  8000  kgm.  The  curves  showing  the  average  properties  of 
acetone  over  the  entire  temperature  range  all  show  a  break,  therefore, 
at  8000  kgm.  Below  8000  kgm.  the  average  is  over  the  range  from 
20°  to  80°,  but  above  8000  the  range  is  from  40°  to  80°. 

No  attempt  was  made  to  follow  out  the  freezing  curve,  or  to  deter 
mine  accurately  the  equilibrium  pressure  at  any  temperature.      yV 
was  found,  however,  that  at  40°  the  freezing  pressure  is  about  1^^^\a 
kgm.    The  freezing  point  of  acetone  at  atmospheric  pressure  is  0\\^ry. 
by  Kaye  and  Laby  at  —  95°.    This  raising  of  the  freezing  point  Uv  N\^ 
seems  to  be  larger  than  any  previously  recorded.  "^  ^o.<, 

Acetone  also  showed  one  other  peculiarity.    WTien  the  lia 
examined  at  the  close  of  the  second  run,  it  was  found  to  be  (\^CJi(l  ^ 
rose  color,  and  there  was  a  small  amount  of  a  fine  white  p\  ^  a  sU  u 
The  rose  color  deepened  in  the  course  of  several  days  to  a  d\  ^*^in/to4 
and  the  precipitate  appeared  to  increase  slightly  in  qua^A^^t^^/^j^, 
thought  at  the  time  that  this  was  a  chemical  reaction  K^^*    Jt^    ' 
by  pressure  alone,  but  subsequent  investigation  showecj  ♦  l  ^^^t  ^ 
was  doubtless  due  to  the  presence  of  a  slight  impurity   ^^  ^^  eff 
trichloride,  left  from  the  previous  run.    Phosphorus  fw*  J  ^^^sphQ 
mixed  with  acetone  and  allowed  to  stand  at  atmosphei.'^   ^^^e  wK^*^ 
found  to  produce  very  slowly  the  same  discoloration  ^^  ^^^Ure   ^^ 
observed  after  exposure  to  pressure.    The  efiPect  of  nj.       ^^ipitat 
is  merely  to  hasten  the  reaction.     In  a  subseox^^^^^^  ^Ppar  ^  ^ 
which  every  trace  of  phosphorus  trichloride  had  K    ^^P^rim     ^  ^ 
moved  by  prolonged  heating,  acetone  was  subtx^i^^ivr^'^  ^^fefni?^'  ^ 
and  temperatures  of  the  regular  experiment  f^*,      ^  the  n     ^  ^^ 
lutely  no  trace  of  discoloration.    Unfortun^^  i  ^  ^^y,  ^./^  ^^^^ 
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was  made  of  the  condition  of  the  liquid  after  the  end  of  the  first  run, 
so  it  cannot  be  told  whether  the  effect  was  present  then  or  not;  prob- 
ably not.  In  any  event  the  error  so  introduced  is  probably  very 
small,  because  not  more  than  a  very  small  impurity  of  PC1»  could 
have  escaped  attention  in  the  weighing.  There  is,  however,  a  slight 
possibility  that  the  reaction  was  catalytic,  in  which  event  the  error 
might  be  greater.  The  close  agreement  of  the  two  sets  of  readings 
makes  this  unlikely,  however. 

The  mean  discrepancy  in  the  piston  readings  for  compressibility 
was  about  0.005  inch  on  a  total  stroke  of  2.0  inches.  The  first  com- 
pressibility readings  were  made  at  40^  The  liquid  does  not  freeze 
until  it  has  been  considerably  subcooled,  so  that  it  was  possible  to 
cover  the  entire  pressure  range  at  40°.  But  in  order  to  avoid  the 
possibility  of  the  liquid  freezing  the  second  time  at  a  less  degree  of 
subcooling  than  at  first,  the  second  run  was  made  at  60°,  and  then 
reduced  to  40°  for  comparison  with  the  first  run.  The  average 
discrepancy  of  the  displacements  for  thermal  dilatation  was  0.0013 
inch  on  an  average  of  0.070  inch. 

The  reduction  factor  from  the  mathematical  formula  was  1.049, 
showing  that  acetone  is  more  compressible  than  the  average. 

The  boiling  point  of  acetone  is  56.5°,  so  that  for  this  reason  the 
initial  point  of  the  80°  ciu've  is  taken  as  1000  kgm.  The  initial  values 
at  60°  were  obtained  by  extrapolation,  disregarding  the  boiling,  and 
strictly  apply  only  to  a  zero  of  a  few  kgm. 

The  density  of  acetone  at  atmospheric  pressure  and  0°  was  assumed 
to  be  0.8136.  The  constants  of  the  dilatation  formula  were:  o- 
0.0il324,  6  =  0.0^380,  and  c  =  -O.OaSS.  These  constants  are  taken 
from  data  of  Zahnder,  who  gives  for  the  density  at  0°  0.8125,  and  for 
the  boiling  point  56.3°,  values  slightly  different  from  those  given 
above. 

The  change  of  volume  at  40°  between  1  and  500  kgm.  was  taken 
as  0.0541  from  Amagat.  His  value  for  the  volume  at  40°  and  1  kgm., 
however,  is  1.0575  against  1.0585  given  by  the  formula  above.  The 
probable  accuracy  of  the  low  pressure  measurements  of  acetone  may 
be  judged  from  a  comparison  of  the  values  at  20°  with  those  of  Amagat. 
For  the  successive  pressure  intervals  1-500,  500-1000,  1000-1500,  and 
1500-2000  atmos.  the  present  work  gave  the  following  changes  of 
volume;  0.0526,  0.0308,  0.0251,  0.0208,  while  Amagat  gives  0.0483, 
0.0325,  0.0245,  and  0.0196. 

The  volume  of  acetone  as  a  function  of  temperature  and  pressure  b 
shown  in  Table  X  and  in  Figure  14. 
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The  initial  compressibility  at  20°,  40°,  and  60°  may  be  computed 
from  values  of  Amagat  *^  at  14°  and  99°,  between  15  and  22  atmos. 


TABLE  X. 
Volume  op  Acetone. 


Pressure, 
cm.*  1 

Volume. 

20°. 

30*. 
1.0426 

400.*   , 

1.0585 

SO**.   1 

60°. 
1.0929  1 

70°. 

1 

80°. 

1 

1 
1.0279 

1.0752 

500 

0.9829 

0.9931  ! 

1 

1.0044 

1.0165 

1.0297  1 

1000 

.9553 

.9638  1 

0.9728 

0.9821 

0.9924 

1.0015 

1.0107 

1500 

.9307 

.9385 

.9463 

.9541 

.96'l9 

0.9694 

0.9764 

2000 

.9100 

.9173 

.9243 

.9309 

.9374 

.9436 

.9497 

2500 

.8927 

.8997 

.9058 

.9116 

.9173 

.9229 

.9285 

3000 

.8775 

.8841 

.8897 

.8948 

.8999 

.9051 

.9105 

3500 

.8646 

.8707 

.8759 

.8806 

.8853 

.8902 

.8953 

4000 

.8532 

.8586 

.8636 

.8681 

.8725 

.8771 

.8819 

4500 

.8430 

.8482 

.8528 

.8572 

.8614 

.8657 

.8699 

5000 

.8334 

.8380 

.8425 

.8469 

.8510 

.8549 

.8586 

6000 

.8175 

.8216 

.8257 

.8299 

.8339 

.8374 

.8403 

7000 

.8028 

.8064 

.8103 

.8145 

.8182 

.8215 

.8243 

8000 

.7898 

.7933 

.7969 

.8005 

.8039 

.8071 

.8101 

9000 

.7847 

.7879 

.7910 

.7942 

.7974 

10000 

.7737 

.7767 

.7797 

.7827 

.7857 

11000 

.7634 

.7667 

.7697 

.7725 

.7750 

12000 

i 

.7546 

.7583 

.7614 

.7638 

,7«7| 

by  a  linear  interpolation  for  temperature  and  by  assuming  the  varia- 
tion of  compressibility  with  pressure  found  here.     We  obtain  in  this 


43  Amagat,  1.  c.  (1877). 
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way  from  Amagat's  data  the  following  values:  O.O3I2I,  0.0»143,  and 
0.0jl94,  respectively.  The  corresponding  values  from  the  present 
work  to  give  the  correct  changes  of  volume  are  O.O3I2O,  0.0jl46, 
and  0.0gl67;  rather  good  agreement  except  at  60**,  where  for  one  thing 
the  linear  interpolation  from  Amagat's  data  would  be  accountable  for 
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Pressure,  kgm.  /  cm.^  x  10^ 

Acetone 

Figure  14.  Acetone.  Volume  at  20°,  40°,  60°,  and  80°,  against  pressure. 
The  lower  curve  is  for  20°.  The  curve  for  20°  is  terminated  at  8(XX)  kgm. 
because  acetone  freezes  at  this  point.  The  curve  for  80°  starts  from  1000 
kgm.  because  acetone  boils  at  atmospheric  pressure  below  80°. 

some  of  the  divergence  in  the  direction  shown.  The  values  taken  as 
the  average  were;  0.0,120,  0.0,145,  and  0.0,167. 

The  only  values  we  have  for  Cp  are  by  von  Reis,  who  gives  19.43 
between  16.4°  and  52.6°,  19.65  between  17.6°  and  60.3°,  19.68  between 
18.9°  and  70.2°,  and  19.72  between  18.7°  and  79.1°.  These  data  show 
an  unusually  slight  increase  of  Cp  with  the  temperature. 

Carbon  Bisulphide. —  Three  sets  of  measurements  were  made  on 
this  substance,  the  first  of  compressibility  and  dilatation  at  low 
pressures  with  the  larger  low  pressure  bulb,  the  second  of  compressi- 
bility and  dilatation  over  the  high  pressure  range  with  the  smaller 
high  pressure  bulb,  and  the  third  of  compressibility  and  dilatation 
with  the  smaller  bulb  over  the  entire  pressure  range.  All  of  these 
runs  were  made  without  accident  of  any  sort. 

The  average  discrepancy  of  the  two  sets  of  piston  displacements 
for  the  isothennal  compressibility  at  40°  was  0.002  inch,  on  a  total 
stroke  of  about  2.0  inches.     The  corresponding  discrepancy  for  the 
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thennal  expansion  due  to  a  change  of  temperature  of  20®  was  0.0013 
inch  for  a  mean  displacement  of  about  0.070  inch.  As  far  as  self 
consistency  goes,  the  measurements  on  carbon  bisulphide  are  among 
the  best  of  the  series. 


TABLE  XI. 
Volume  of  Carbon  BisuLpmoE. 


1 
Pressure. 
kRxn. 
cm.» 

Volume. 

2o^  1 

30«. 
1.0357 

40°.   1 

60«.   j 

60«. 
1.0775 

7o^ 

SO**. 
1.0992 

1 

1.0235 

1.0490 

1.0630 

1.0928 

500 

0.9865 

0.9964 

1.0063 

1.0158 

1.0256 

1.0359 

1.0473 

1000 

.9586 

.9671 

0.9752 

0.9829 

0.9907 

0.9991 

1.0083 

1500 

.9358 

.9432 

.9504 

.9571 

.9639 

.9709 

0.9787 

2000 

.9173 

.9240 

.9302 

.9362 

.9423 

.9485 

.9552 

2500 

.9018 

.9076 

.9133 

.9188 

.9244 

.9299 

.9357 

3000 

.8877 

.8928 

.8981 

.9033 

.9084 

.9134 

.9185 

3500 

.8756 

.8801 

.8849 

.8897 

.8946 

.8991 

.9035 

4000 

.8647 

.8688 

.8732 

.8770 

.8823 

.8855 

.8902 

4500 

.8548 

.8586 

.8627 

.8672 

.8714 

.8752 

.8786 

5000 

.8453 

.8489 

.8528 

.8570 

.8610 

.8645 

.8676 

6000 

.8295 

.8329 

.8367 

.8406 

.8442 

.8472 

.8501 

7000 

.8147 

.8184 

.8222 

.8257 

.8290 

.8319 

,8347 

8000 

.8022 

.8061 

.8100 

.8131 

.8162 

.8191 

.8220 

9000 

.7911 

.7954 

.7989 

.8020 

.8049 

,8078 

.8107 

10000 

.7805 

.7844 

.7879 

.7910 

.7940 

.7969 

.7997 

11000 

.7715 

.7745 

.7777 

.7809 

.7839 

.7867 

.7894 

12000 

.7638 

.7658 

.7682 

.7710 

.7743 

1 

.7772 

.7795 

The  reduction  factor  from  the  mathematical  formula  was  0.9947, 
showing  pretty  nearly  average  compressibility. 
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The  density  at  0°  and  atmospheric  pressure  was  assumed  to  be 
1.292.  The  three  constants  of  the  dilatation  formula  were  as  follows: 
a  -  O.O2II4O,  6  =  0.06137,  and  c  =  O.O7I9I.** 

Amagat  did  not  measure  the  volume  of  CSt  at  40°  at  less  than  600 
atmos.     The  change  of  volume  between  1  and  500  kgm.  was  found. 
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Figure  15.  Carbon  Bisulphide.  Volume  at  20**,  40**,  60°,  and  80**  plotted 
against  pressure.    The  lower  curve  is  for  20°. 

therefore,  by  subtracting  the  value  found  here  for  500-1000  kgm. 
from  Amagat's  value  for  the  change  1-1000  kgm.,  giving  the  result 
0.0427  between  1  and  500  kgm.  Amagat's  value  for  the  volume  at  40° 
and  1  kgm.  is  1.0484  against  1.0490  given  by  the  formula  above.  The 
present  low  pressure  determinations  gave  results  consistently  higher 
than  those  of  Amagat:  These  values  were  as  follows:  0.0476  (not 
accurate)  for  1-500  atmos.,  0.0295  between  500  and  1000,  0.0227  be- 
tween 1000  and  1500,  0.0198  between  1500  and  2000.  For  the  same 
pressure  intervals  Amagat  has  0.0387,  0.0277,  0.0222,  and  0.0183. 

The  volume  of  carbon  bisulphide  as  a  function  of  pressure  and  tem- 
perature is  shown  in  Table  XI  and  in  Figure  15. 

The  initial  compressibilities  at  20°,  40°,  60°,  and  80°  may  be  found 
from  Amagat  to  have  the  values  O.O49O,  0.0,107,  0.0,128,  and  0.0,149 
respectively.  The  corresponding  values  required  to  give  the  change 
of  volume  listed  in  the  tables  are  0.0492,  0.0,107,  0.0,133,  and  0.0,150; 
good  agreement.     Rontgen  also  gives  0.0^87  at  20°.    The  values 

44  Pierre,  1.  c.  (1845). 
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shown  in  the  curves  are  the  values  to  give  the  correct  change  of  volume, 
except  at  20°,  where  O.O49I  was  adopted. 

There  are  a  number  of  measurements  of  C,  for  CSs.  Regnault** 
gives  12.68  at  -30°,  12.95  at  0°,  13.23  at  30°;  Him*®  gives  13.13  at 
30°;  Sutherland  *7  14.33  at  80°,  and  15.22  at  120°;  and  Forch" 
13.34  at  18°.  These  results  are  more  consistent  than  usual,  lying  on  a 
smooth  curve  within  about  1%.  Cp  increases  with  rising  temperature, 
the  rate  of  increase  also  increasing. 

Phosphorus  Trichloride. —  Two  sets  of  measurements  were  made 
on  this  substance;  the  first  of  compressibility  and  dilatation  over  the 
high  pressure  range,  the  second  over  the  entire  pressure  range.  Both 
sets  of  measurements  were  made  with  the  smaller  high  pressure  bulb. 
There  was  no  accident. 

The  average  discrepancy  in  the  piston  displacements  for  the  iso- 
thermal compressibility  at  40°  was  0.006  inch  on  a  stroke  of  about 
2.0  inches.  The  discrepancy  in  the  displacement  for  the  dilatation 
was  0.0011  inch  on  0.070  inch,  mean. 

The  reduction  factor  from  the  mathematical  formula  was  0.9335, 
showing  that  PCI1  is  somewhat  less  compressible  than  normal. 

The  density  at  0°  and  1  kgm.  was  taken  as  1.612.  The  three  con- 
stants of  the  dilatation  formula  were  a  =  0.0ill39,  b  =  0.0 J67,  and 
c  =  0.0840.*®  There  are  also  values  for  the  volume  of  PCls  by 
Pierre,  who  gives  for  20°,  40°,  and  60°:  1.0231,  1.0477,  and  1.0747. 
The  corresponding  values  computed  with  the  above  values  for  the 
constants  are  1.0234, 1.0485,  and  1.0752,  rather  better  agreement  than 
we  have  come  to  expect. 

The  change  of  volume  at  atmospheric  pressure  between  1  and  500 
kgm.  was  taken  from  Amagat  as  0.0445.  Amagat  gives  for  the  atmos- 
pheric volume  at  40°,  1.0483,  in  substantial  agreement  with  1.0485, 
given  by  the  formula.  At  20°  and  low  pressures,  the  values  found 
for  the  change  of  volume  for  successive  intervals  of  500  atmos.  were, 
0.0451,  0.0263,  0.0219,  and  0.0187,  against  the  values  of  Amagat; 
0.0396,  0.0282,  0.0224,  and  0.0186. 

The  volume  of  phosphorus  trichloride  as  a  function  of  pressure  and 
temperature  is  given  in  Table  XII  and  in  Figure  16. 

There  seem  to  be  no  other  determinations  of  the  initial  compressi- 
bility at  atmospheric  pressure.     Accordingly,  the  values  given  in  the 

45  Regnault,  1.  c.  (1862). 

46  Him,  Am.  d.  chim.,  10,  32  (1867). 

47  Sutherland,  I.  c. 

48  Forch,  Ann.  d.  Phys.,  12,  202  (1903). 

49  Thorpe,  Jour.  Chem.  oc,  63,  273  (1893). 
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tables  are  the  values  computed  in  the  maimer  described  on  page  29 
to  give  the  correct  changes  of  volume. 

TABLE  XII. 
Volume  op  Phosphorus  Trichloride. 


Pressure, 
kgm. 
cm.' 

Volume. 

20*». 

30». 

40*. 

60**. 

W. 

70^ 

80*». 

1 

1.0234 

1.0358 

1.0485 

1.0616 

1.0752 

1.0893 

1.1039 

500 

0.9862 

0.9949 

1.0040 

1.0136 

1.0238 

1.0346 

1.0459 

1000 

.9593 

.9666 

0.9739 

0.9816 

0.9896 

0.9980 

1.0065 

1500 

.9382 

.9445 

.9509 

.9575 

.9643 

.9712 

0.9783 

2000 

.9205 

.9262 

.9318 

.9377 

.9437 

.9498 

.9557 

2500 

.9057 

.9107 

.9159 

.9212 

.9268 

.9322 

.9375 

3000 

.8926 

.8973 

.9022 

.9072 

.9123 

.9171 

.9220 

3500 

.8809 

.8853 

.8899 

.8946 

.8994 

.9038 

.9082 

4000 

.8705 

.8747 

.8790 

.8836 

.8880 

.8922 

.8962 

4500 

.8611 

.8652 

.8693 

.8736 

.8779 

.8819 

.8851 

5000 

.8521 

.8560 

.8600 

.8641 

.8682 

.8720 

.8757 

6000 

.8375 

.8411 

.8448 

.8486 

.8524 

.8561 

.8596 

7000 

.8245 

.8279 

.8313 

.8347 

.8382 

.8416 

.8450 

8000 

.8133 

.8165 

.8196 

.8228 

.8260 

.8292 

.8323 

9000 

.8029 

.8059 

.8089 

.8120 

.8150 

.8180 

.8210 

10000 

.7929 

.7959 

.7989 

.8020 

.8050 

.8080 

.8109 

11000 

.7838 

.7866 

.7897 

.7927 

.7957 

.7985 

.8014 

12000 

.7761 

.7789 

.7818 

.7847 

.7875 

.7902 

.7928 

For  Cp  there  seems  to  be  only  one  determination,  due  to  Regnault,'® 
who  finds  the  mean  value  13.67  between  10°  and  15°. 

50  Regnault,  I.  c.  (1843). 
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Ethyl  Chloride. —  Two  sets  of  measurements  were  made  on  this 
substance,  separated  by  thirty-six  days  in  time,  both  with  the  smaller 
bulb,  and  both  complete  for  compressibility  and  dilatation  over 
the  entire  pressure  range.  Both  runs  were  entirely  without  accident 
of  any  kind.    The  very  low  boiling  point  of  this  substance,  12.5°,  and 
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Phosphorus  Trichloride 

Figure  16.    Phosphorus  Trichloride.    Volume  at  20**,  40°,  60°,  and  80* 
plotted  against  pressure.    The  lower  curve  is  for  20°. 


its  abnonnally  high  compressibility,  made  slight  changes  necessary 
in  the  details  of  the  manipulation.  The  ethyl  chloride  was  furnished 
by  Kahlbaum,  in  sealed  glass  bulbs,  which  were  accordingly  exposed 
to  an  internal  pressure  greater  than  atmospheric.  The  steel  compressi- 
bility bulb  was  filled  after  the  ethyl  chloride  and  the  bulb  had  been 
brought  to  0°  in  an  ice  bath.  The  steel  bulb  was  then  allowed  to  warm 
suflSciently  to  boil  away  a  slight  quantity  of  the  ethyl  chloride,  when 
the  capillary  stem  of  the  bulb  was  closed  by  forcing  into  it  a  small 
rubber  stopper,  considerably  too  large  for  it.  The  friction  of  the 
stopper  was  sufficient  to  hold  it  in  place  against  the  vapor  pressure 
of  the  ethyl  chloride  at  room  temperature.  The  first  application  of  a 
very  moderate  pressure  by  the  pump  was  sufficient  to  drive  the  stopper 
into  the  bulb,  where  it  remained  during  the  rest  of  the  measurements. 
In  this  way  the  filling  could  be  accomplished  without  the  troublesome 
necessity  of  cooling  the  large  cylinder  below  12°  and  maintaining  it 
there  until  pressure  could  be  applied.    The  small  rubber  stopper  was 
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weighed,  and  its  weight  applied  as  a  correction  to  the  weight  of  the 
bulb  full  of  the  chloride.    The  weight  was  about  0.03  gm. 

The  piston  displacement  for  isothermal  compressibility  at  40^ 
showed  a  mean  discrepancy  of  0.0016  inch  on  a  total  of  about  2.1 
inches.  '  The  discrepancy  in  the  displacements  for  dilatation  averaged 
0.002  inch  on  a  mean  of  about  0.070  inch.  The  larger  discrepancies 
were  at  the  lower  pressures;  the  mean  above  2000  kgm.  was  0.001 
inch,  half  as  much. 

It  has  already  been  mentioned  that  ethyl  chloride  is  so  abnormally 
compressible  that  it  was  not  possible  to  use  the  same  formula  as  for 
the  other  eleven  liquids  to  smooth  the  changes  of  volume  at  40°  for 
the  tables.  A  formula  of  the  same  type  was  used,  but  with  different 
coefBcients  (see  page  22).  The  best  values  of  the  coefficients  for 
ethyl  chloride  were  found  to  be,  a  =  0.06723,  j8  =  0.17139,  7  = 
0.04030,  and  5  =  -0.06261.  The  maximum  differences  between 
the  observed  and  the  calculated  change  of  volume  were  +  0.0007 
at  3000  kgm.  and  -0.0024  at  9000  kgm.  The  four  constants  were 
determined  so  that  the  curve  passed  through  the  experimental  points 
at  500,  2000,  5000,  and  12000  kgm.  It  should  perhaps  be  mentioned 
that  this  formula  is  merely  an  empirical  expression  for  the  change  of 
volume  over  the  pressure  range  of  the  experiment.  'It  has  no  theo- 
retical significance  whatever,  and  should  not  be  used  for  purposes 
of  extrapolation.  For  instance,  it  is  seen  immediately  that  it  pre- 
dicts an  impossible  behavior  at  infinite  pressure. 

The  density  at  0°  was  taken  as  0.9120.  The  liquid  boils  at  atmos- 
pheric pressure  for  every  temperature  within  the  range  of  the  table. 
The  ordinary  dilatation  formula  would  have  been  valueless,  therefore,, 
to  fix  the  volume  at  any  one  point  of  the  table.  The  fiducial  point 
was  taken  at  40°  and  500  kgm.  from  the  data  of  Amagat,*^  who  gives 
0.9951  for  the  volume.  The  fact  that  the  liquid  boils  at  all  tempera- 
tures of  the  table  at  atmospheric  pressure  has  necessitated  starting^ 
from  500  or  1000  kgm.  as  the  initial  point  from  which  most  of  the 
thermodynamic  properties  have  been  computed. 

The  initial  compressibilities  given  in  the  diagrams  for  20°  and  40°" 
were  taken  from  Amagat  by  interpolation  and  extrapolation  from  22 
atmos.  The  values  are  0.0il63,  and  0.0|211;  they  correspond  to 
pressures  somewhat  higher  than  atmospheric. 

The  volume  of  ethyl  chloride  as  a  function  of  pressure  and  tempera- 
ture is  given  in  Table  XIII  and  in  Figure  17. 


51  Amagat,  1.  c.  (1877). 
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For  Cp  we  have  apparently  only  one  value,  again  due  to  Regnault,'* 
who  gives  16.80  at  —  28.4°,  a  temperature  beyond  the  range  of  this 
work. 

TABLE  XIII. 

Volume  of  Ethyl  Chloride. 


Pressure, 
kgm. 

CDl.' 

Volume. 

20'». 

SO**. 

40*». 

60^ 

60*. 

70*». 

B0\ 

1 

600 

0.9714 

0.9831 

0.9951 

1.0075 

1.0105 

1.0339 

1.0379 

1000 

.9276 

0.9358 

.9446 

0.9544 

0.9647 

0.9741 

0.9827 

1500 

.8988 

.9059 

.9132 

.9211 

.9296 

.9373 

QAAA 

2000 

.8774 

.8836 

.8900 

.8967 

.9039 

.9104 

.9264 

2500 

.8596 

.8652 

.8709 

.8768 

.8831 

.8888 

.8938 

3000 

.8442 

.8492  , 

.8544 

.8599 

.8654 

.8703 

.8749 

3500 

.8311 

.8358  1 

.8405 

.8456 

.8506 

.8551 

.8591 

4000 

.8200 

.8245  i 

.8289 

.8337 

.8384 

.8426 

.8462 

4500 

.8087 

.8129 

.8172 

.8217 

.8262 

.8301 

.8335 

5000 

.7994 

.8035 

.8076 

.8118 

.8161 

.8199 

.8230 

6000 

.7821 

.7860  , 

.7900 

.7938 

.7976 

.8010 

.8040 

7000 

.7680 

.7718 

.7756 

.7791 

.7825 

.7856 

.7887 

8000 

.7561 

.7597  ! 

.7633 

.7666 

.7699 

.7730 

.7762 

9000 

.7454 

.7490 

.7*522 

.7553 

.7581 

.7611 

.7644 

10000 

.7352 

.7385 

.7415 

.7444 

.7473 

.7502 

.7533 

11000 

.7259 

.7288 

.7317 

.7347 

.7376 

.7405 

.7432 

12000 

.7176 

.7199 

.7225 

.7254 

.7286 

.7314 

.7336 

Ethyl  Broxnide. —  Two  sets  of  measurements  were  made  on  this, 
both  being  with  the  smaller  bulb  and  over  the  entire  pressure  range. 

52  RegpMult,  1.  c.  (1862). 
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An  interval  of  forty  days  separated  the  two  sets.    Both  were  com- 
pleted without  accident. 

The  average  discrepancy  of  the  piston  displacements  for  isothermal 
compressibility  at  40°  was  0.0025  inch  on  a  stroke  of  2.05  inches.  The 
mean  discrepancy  in  the  displacements  for  dilatation  was  0.0013  inch 
on  a  mean  of  about  0.070  inch. 
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FiauRE  17.  Ethyl  Chloride.  Volume  at  20^  40^  60**,  and  80°  plotted 
against  pressure.  The  lower  ciu^e  is  for  20**.  The  boiling  point  at  atmos- 
pheric pressure  is  at  12'*.5,  so  that  it  was  necessary  to  take  the  origin  of  pres- 
sure as  500  kgm. 

The  reduction  factor  for  passing  from  the  mathematical  formula 
was  1.032,  indicating  a  compressibility  somewhat  more  than  normal. 

The  density  at  0°  and  atmospheric  pressure  was  assumed  to  be 
1.483.  The  three  constants  of  the  dilatation  formula  were  taken  as 
02  =  0.012275,  6  =  0.0e4437,  and  c  =  0.070258.^3  The  boiling  point 
of  ethyl  bromide  is  38.4°.  The  formula  gives  for  the  volume  at  20° 
1.0249,  and  for  the  extrapolated  value  at  40°,  1.0515.  Pierre  also 
gives  the  volumes  at  20°  and  40°,  1.0275  and  1.0578  respectively. 
The  discrepancies  are  large,  0.6%  at  40°.  In  this  case  the  preference 
has  been  given  to  the  values  of  Pierre  against  those  of  Landolt  and 
Bomstein,  because  Pierre  actually  measured  the  volumes  at  the  tem- 
peratures in  question,  where  as  the  formula  of  Landolt  and  Bornstein 
is  directly  applicable  only  at  lower  temperatures.     Furthermore, 

53  Pierre,  1.  c.  (1845). 
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Amagat's  value  at  40^  1.0583,  agrees  much  more  closely  with  Pierre's 
than  with  that  given  by  the  formula. 


TABLE  XIV. 
Volume  op  Ethtl  Bromide. 


PretBure. 
kgm. 
cm.« 

Volume. 

20*. 

30*. 

40*». 

50-. 

60*». 

70*». 

80*». 

1 

1.0275 

1.0418(T) 

1.0578 

600 

0.9788 

0.9890(7) 

1.0004 

1000 

.9478 

.9557 

0.9644 

0.9534 

0.9824 

0.9919 

1.0018 

1600 

.9237 

.9309 

.9380 

.9448 

.9517 

.9585 

0.9654 

2000 

.9044 

.9110 

.9175 

.9235 

.9294 

.9350 

.9407 

2600 

.8885 

.8950 

.9011 

.9066 

.9120 

.9170 

.9218 

3000 

.8776 

.8839 

.8898 

.8951 

.9000 

.9046 

.9090 

3600 

.8610 

.8670 

.8725 

.8775 

.8821 

.8864 

.8904 

4000 

.8505 

.8556 

.8606 

.8652 

.8696 

.8735 

.8772 

4600 

.8410 

.8455 

.8500 

.8543 

.8585 

.8622 

.8667 

5000 

.8317 

.8358 

.8399 

.8439 

.8478 

.8514 

.8546 

6000 

.8163 

.8201 

.8237 

.8273 

.8307 

.8340 

.8371 

7000 

.8020 

.8056 

.8092 

.8125 

.8156 

.8187 

.8220 

8000 

.7900 

.7935 

.7968 

.7999 

.8028 

.8069 

.8091 

9000 

.7787 

.7821 

.7852 

.7881 

.7911 

.7939 

.7968 

10000 

.7686 

.7717 

.7747 

.7777 

.7807 

.7834 

.7858 

11000 

.7598 

.7623 

.7653 

.7684 

.7715 

.7741 

.7762 

12000 

.7521 

.7546 

.7572 

.7601 

.7633 

.7659 

.7677 

The  change  of  volume  at  40°  between  1  and  500  kgm.  was  taken  as 
0.0573  from  Amagat.  The  values  found  here  at  20°  for  successive 
intervals  of  500  kgm.,  beginning  at  1  kgm.  were  0.0536,  0.0320,  0.0255, 
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and  0.0202,  against  0.0492,  0.0322,  0.0248,  and  0.0199  of  Amagat. 
The  agreement  is  rather  good,  except  at  the  lowest  pressure,  where 
agreement  is  not  to  be  expected.  The  just  published  value  of  Richards 
for  the  change  of  volume  at  500  kgm.  and  20°  is  0.0446,  against  0.0487 
given  in  the  table,  which  is  essentially  that  of  Amagat. 
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Figure  18.  Ethyl  Bromide.  Volume  at  20°,  40°,  60°,  and  80°  plotted 
against  pressure.  The  lower  curve  is  for  20°.  The  curves  for  60°  and  80° 
start  from  1000  kgm.  because  the  boiling  point  at  atmospheric  pressure  is 
below  60°. 

The  volume  of  ethyl  bromide  as  a  function  of  pressure  and  tem- 
perature is  given  in  Table  XIV  and  in  Figure  18. 

When  the  computations  of  this  paper  were  made  the  only  value 
for  the  compressibiKty  at  low  pressures  was  that  of  Amagat  at  99° 
and  a  mean  pressure  of  20  atmos.  This  was  too  far  removed  from  the 
range  of  this  paper  to  justify  any  correction.  The  initial  compres- 
sibilities at  20°  and  40°  were  taken,  therefore,  so  as  to  give  the  values 
of  the  changes  of  volume  listed  in  the  tables;  0.0sl248  and  D.0sl476 
respectively.  At  60°  and  80°  the  compressibility  is  not  given  for 
pressures  lower  than  1000  kgm.  The  recently  published  data  of 
Richards  give  for  the  compressibility  at  atmospheric  pressure  and 
20°  the  value  O.O3IO6,  considerably  lower  than  the  value  given  above. 

Regnault®*  gives  a  few  values  for  Cp  at  atmospheric  pressure; 
14.62  between  5°  and  10°,  14.42  between  10°  and  15°,  14.54  between 
15°  and  20°.     The  temperature  range  is  too  small  and  the  variations 

54  Regnault,  1.  c.  (1843). 
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too  great  to  enable  us  to  decide  whether  Cp  really  increases  with 
temperature  or  not. 

TABLE  XV. 
Volume  op  Ethyl  Iodide. 


Pressure, 
kgm. 
cm.' 

Yolume.               •       1 

20**. 

30». 

40'. 

60'*. 

60**. 

70.. 

80^ 

1 

1.0214 

1.0324 

1.0438 

1.0555 

1.0677 

1.0803 

1.0935 

600 

0.9785 

0.9880 

0.9979 

1.0081 

1.0180 

1.0276 

1.0366 

1000 

.9502 

.9584 

.9665 

0.9746 

0.9825 

0.9900 

0.9969 

1500 

.9277 

.9345 

.9412 

.9479 

.9544 

.9605 

.9663 

2000 

.9092 

.9150 

.9209 

.9266 

.9323 

.9375 

.9425 

2500 

.8937 

.8991 

.9043 

.9094 

.9143 

.9188 

.9231 

3000 

.8802 

.8851 

.8899 

.8945 

.8988 

.9028 

.9065 

3500 

.8684 

.8728 

.8770 

.8811 

.8848 

.8883 

.8917 

4000 

.8583 

.8621 

.8659 

.8694 

.8728 

.8759 

.8790 

4500 

.8487 

.8522 

.8558 

.8592 

.8624 

.8653 

.8681 

5000 

.8394 

.8429 

.8463 

.84>96 

.8529 

.8557 

.8581 

6000 

.8236 

.8271 

.8306 

.8340 

.8371 

.8398 

.8418 

7000 

.8093 

.8129 

.8164 

.8193 

.8220 

.8243 

.8264 

8000 

.7968 

.8006 

.8038 

.8065 

.8090 

.8113 

.8134 

9000 

.7856 

.7902 

.7922 

.7945 

.7967 

.7989 

.8013 

10000 

.7755 

.7789 

.7817 

.7841 

.7862 

.7885 

.7909 

11000 

.7665 

.7694 

.7722 

.7747 

.7771 

.7794 

.7817 

12000 

.7588 

.7611 

.7638 

.7667 

.7693 

.7717 

.7737 

Ethyl  Iodide. —  Two  runs  were  made  on  this  with  the  smaller 

high  pressure  bulb  over  the  entire  pressure  range,  without  accident. 

The  mean  variation  of  the  displacement  readings  for  compressi- 
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bUity  at  40"^  was  0.0020  inch  on  a  total  of  2.05  inches.  The  agree- 
ment is  quite  perceptibly  better  than  the  average.  The  thennal 
dilatation  measurements  show  however,  by  far  greater  disagreement 
than  any  other  of  the  twelve  liquids.  0.0030  inch  on  a  mean  of 
0.070  inch.    The  discrepancy  was  greater  at  the  higher  temperatures; 


E 

u 

E 


0      12      34C^6789     10U12 

Pressure,^  ks^in.  /  cm.'  x  IQ-* 

Ethyl  Iodide 

Figure  19.  Ethyl  Iodide.  Volume  at  20°,  40**,  60°,  and  80°  plotted 
against  pressure.    The  lower  curve  is  for  20°. 

0.0012  inch  from  20"^  to  40^  0.0026  inch  from  40°  to  60°,  and  0.0052 
inch  from  60°  to  80°. 

The  reduction  factor  from  the  mathematical  formula  was  0.9817, 
showing  slightly  less  than  normal  compressibility. 

The  density  at  0°  was  assumed  to  be  1.973.  The  three  constants 
of  the  dilatation  formula  were  as  follows:  a^O.OjlOM,  6=0.06636, 
and  c  =0.071004  .**  Pierre  also  gives  values  for  the  volume  at  20°, 
40°,  and  60°  respectively;  1.0232,  1.0484,  1.0749,  against  1.0214, 
1.0438,  and  1.0677  given  by  the  formula.  The  agreement  should 
be  better.  Probably  Pierre's  values  are  better,  as  is  shown  by  the 
agreement  of  Amagat's  value  at  40°,  but  Pierre  does  not  give  the 
volume  at  80°;  so  the  value  of  the  formula  was  accordingly  selected. 

The  change  of  volume  between  1  and  500  kgm.  was  taken  from 
Amagat  as  0.0459.  Amagat  gives  for  the  initial  volume  at  40° 
1.0486  against  1.0438  of  the  formula.     The  low  pressure  determina- 

55  Dobriner,  Lieb.  Ann.,  243,  1-23  (1888). 
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tions  of  the  change  of  volume  at  20^  gave  for  successive  intervals  of 
500  atmos.  0.0509,  0.0278,  0.0233,  and  0.0195  respectively,  against 
0.0404,  0.0289,  0.0227,  and  0.0184  of  Amagat.  The  agreement  is 
fair,  except  of  course  for  the  first  interval.  The  recent  work  of 
Ridiards  gives  0.0370  for  the  change  of  volume  at  20^  and  500  kgm. 
against  0.0429  given  in  the  tables.  It  is  evident  that  the  work  of 
Richards  and  of  Amagat  is  here  in  very  essential  disagreement. 

The  volume  of  ethyl  iodide  as  a  function  of  pressure  and  tempera- 
ture is  given  in  Table  XV  and  in  Figure  19. 

When  these  computations  were  made  there  were  no  values  of  the 
initial  compressibility  with  which  to  compare  the  results.  Accord- 
ingly the  value  necessary  to  give  the  change  of  volume  in  the  tables 
was  used  in  every  case.  The  recent  data  of  Richards  give  O.O49I  for 
the  initial  compressibility  at  20®.  This  is  considerably  lower  than 
the  value  shown  in  the  curves,  O.O4IO8.  This  simply  means  again 
that  Richards  finds  a  much  smaller  compressibility  than  Amagat. 

Cp  for  ethyl  iodide  has  apparently  been  determined  only  by 
Regnault ".  He  gives  13.19  at  -  30^  13.60  at  0^  14.03  at  30"^.  and 
14.44  at  60®.    The  increase  with  temperature  b  linear. 

V.    Discussion  of  Thermodynamic  Properties. 


In  the  following  sections  the  general  characteristics  of  the  sever^\ 

be  discussed.    The  discussion  wV\V 

sary  to  make  in  our  conceptions  of  a  liquid,  or  what  features  that^  vsg- 


thermodynamic  functions  will   De  discussed,     rue  discussion  wVv^ 
include  suggestions  as  to  what  modifications  it  may  possiblybe  nec:^?^ 


have  neglected  at  low  pressures  it  may  be  necessary  to  emph^  >e 
at  high  pressures.    Incidentally  in  the  course  of  the  discu^^i^e 
suggestions  will  be  made  bearing  on  the  theory  of  liquids,  biv^*^^^ 
detailed  examination  of  the  problems  that  confront  us  in  tfy.  ^  ^v 
frame  a  theory  of  liquids  valid  for  high  pressures  will  be  ^I^^  ^ 
for  section  VI.  '^J^ed 

Volume. —  The  tables  and  diagrams  of  volume  as  a  fy,j    . 
pressure  and  temperature  have  already  been  given,  but  witK  ^?  ^' 
comment.  ^^^t\^ 

One  of  the  significant  facts  about  the  change  of  volume  i^  • 
to  the  volume  at  infinite  pressures,  that  is,  the  so-calleil  v^l^*^^ 
the  molecules  themselves,  which  is  one  of  the  quantiti«  ^  ^^^  of 
into  nearly  every  theory  of  liquids.     In  particular,  Tvn%.v  ^^^'^ring 

66  Regnault,  1.  c.  (1862).  _^^ 

67  Tumlin,  Sit«.  k.  Akd.  Wias.  Wicn,  11$,  k^g  ^ 
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Tammann  •',  in  their  recent  theories,  give  values  for  the  volume  at 
infinite  pressure.  The  values  are  listed  in  Table  XVI  for  four  of  the 
liquids  here  investigated,  and  compared  with  the  volumes  found 
experimentally  at  12000  kgm.  and  20°.  The  observed  value  for  ether 
at  12000  kgm.  is  actually  less  than  the  value  predicted  by  either  of 


TABLE  XVI. 


Subttanoe. 

Volume. 

Calculated,  p«  oo 

Obserred. 

p- 12000. 

Tumlirs. 

Tamiuaiui. 

(-20« 

Methyl  Alcohol 

0.6970 

0.7255 

0.7559 

Ethyl  Alcohol 

0.7037 

0.7380 

0.7521 

Ether 

0.7274 

0.7246 

0.7216 

Carbon  Bisulphide 

0.6881 

0.7246 

0.7638 

these, theories  for  an  infinite  pressure;  and  for  the  other  liquids  the 
observed  value  is  close  to  the  predicted  minimum.  This  result  serves 
to  emphasize  more  strikingly  a  point  made  in  the  preceding  paper 
on  water;  namely,  that  at  high  pressures  a  liquid  is  more  compres- 
sible than  we  might  expect  from  its  behavior  at  low  pressures. 

One  line  of  inquiry  is  worth  mentioning  which  seemed  promising 
before  the  experiments  were  performed.  The  question,  suggested 
by  such  properties  of  the  atom  as  the  atomic  re-fraction,  was  this;  is 
it  possible  at  the  higher  pressures  to  assign  to  each  atom  its  own 
specific  volume  as  a  function  of  the  pressure,  and  so  compute  the 
volume  of  a  compound  at  any  pressure  from  its  chemical  constitution? 
But  an  examination  of  the  changes  of  volumes  of  the  two  isomers, 
-ether  and  isobutyl  alcohol,  shows  that  the  supposed  relation  does  not 
hold.  For  if  we  compare  the  volumes  of  equal  weights,  that  is  the 
volume  occupied  by  the  same  number  of  atoms,  we  shall  find  that  at 
Atmospheric  pressure  the  ratio  of  the  volume  of  ether  to  that  of 
isobutyl  alcohol  is  1.102,  and  that  at  12000  kgm.  it  has  dropped  to 
1.038.    If  the  above  relation  were  true,  this  ratio  would  be  unity. 

68  Tammann,  1.  c,  see  also  Korber. 
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The  fact  that  the  ratio  is  approaching  unity  shows  that  the  atoms 
are  approaching  the  behavior  suggested  above,  but  if  they  ever  reach 
it,  it  can  only  be  at  pressures  considerably  beyond  those  reached  here. 

In  Table  XVII  are  given  the  average  volumes  of  the  twelve  liquids 
between  20**  and  80°.  This  table  corresponds  to  the  diagrams  for  the 
average  between  20**  and  80°  of  the  other  thermodynamic  properties; 
it  will  prove  useful  in  plotting  any  of  the  average  properties  against 
volume,  which  may  in  some  cases  give  more  significant  results  than 
when  pressure  is  used  as  the  independent  variable,  as  here. 

Thermal  Expansion.  —  The  mechanism  ordinarily  assumed  in 
explanation  of  thermal  expansion  is  as  follows.  Any  liquid  is  con- 
tinually striving  to  expand,  because  of  the  thermal  agitation  of  its 
molecules.  The  tendency  to  expand  is  resisted  by  two  forces,  the 
external  pressure,  and  the  forces  of  attraction  between  the  molecules. 
An  increase  in  temperature  means  an  increase  in  the  expanding  force, 
which  results  in  an  increase  of  volume.  This  increase  of 'volume 
would  be  expected  to  be  greater  if  the  force  preventing  expansion 
were  less.  Now  the  force  preventing  expansion  becomes  less  as 
the  volume  becomes  greater,  because  the  cohesional  forces  decrease 
as  the  volume,  or  the  distance  apart  of  the  molecules,  becomes  greater. 
The  result  is  that  the  thermal  dilatation  increases  with  increasing 

temperature,  that  is  with  increasing  volume.    In  other  words,  v  ^-j ) 

is  positive.  Furthermore,  as  pressure  increases,  the  force  resisting 
expansion  increases  because  of  the  decreased  distance  apart  of  the 
molecules,  so  that  we  are  to  expect  a  decreased  dilatation  at  the 
higher  pressures. 

An  examination  of  the  curves  for  dilatation  against  pressure  shows 
that  these  expectations  are  much  more  nearly  fulfilled  as  regards  the 
behavior  of  the  dilatation  with  respect  to  pressure  than  with  respect 
to  temperature. 

The  general  tendency  of  the  dilatation  of  the  separate  liquids 
(Folder  I,  Figures  20  to  31)  is  to  decrease  with  rising  pressure.  The 
decrease  is  very  much  more  rapid  at  the  lower  than  at  the  higher 
pressures.  But  beyond  this  general  fact  the  curves  give  only  an 
impression  of  bewildering  complexity,  crossing  and  recrossing  in 
apparent  disorder  at  the  higher  pressures.  It  is  possible  to  find  many 
instances  where  the  dilatation  increases  with  rising  pressure  over  a 
range  of  several  thousand  kilograms,  ultimately,  however,  to  decrease 
again.  One  of  the  most  striking  examples  of  this  is  the  20°  curve  for 
•carbon  bisulphide;  other  well  marked  examples  are  afforded  by  ace- 
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tone  and  ethyl  iodide.  The  rule,  therefore,  that  dilatation  decreases 
with  rising  pressure  has  many  exceptions. 

As  regards  the  behavior  of  dilatation  with  respect  to  temperature,  it 
is  a  striking  fact  that  at  the  higher  pressures  the  dilatation  is  usually 
greatest  at  the  lower  temperatures,  instead  of  at  the  higher  tempera- 
tures, as  at  atmospheric  pressiu^.  Every  one  of  the  diagrams  shows 
this.  What  is  more,  the  reversal  of  the  effect  in  almost  all  cases 
takes  place  sharply  at  a  definite  pressure,  the  same  for  all  tempera- 
tures; or  in  other  words,  the  curves  for  the  four  temperatures,  20°, 
40°,  60°,  and  80°  all  cross  at  approximately  the  same  point  This  is 
exhibited  still  more  strikingly  in  the  curves  for  the  average  C^  of  the 
twelve  liquids  (Figure  99).    We  have  the  thermodynamic  formula 

fdCp\  (dh\  ^        ,       ^  ,        ,  fSh\ 

It—)   =  —  t  I  ^2  J »  s^  "^*t  when  the  average  value  of  I  ^ )  over 

the  temperature  range  vanishes  Cp  will  have  a  maximum.  All  of 
the  curves  show  this  maximum  at  the  same  pressure. 

This  universal  reversal  in  the  sign  ^M  ^)   is  a  fact  of  no  little 

interest  and  importance,  and  seems  not  to  have  been  anticipated. 
In  fact,  the  natural  hypothesis  of  the  contrary  behavior,  namely  that  at 

high  pressures  \Tt)    "^  ^»  ^^  recently  been  made  the  basis  of  an 

empirical  theory  of  liquids  by  Tammann  as  was  pointed  out  in  the 
introduction.  This  hypothesis  of  Tammann  is  based  on  very  plausible 
evidence  from  the  data  of  Amagat,  which  seem  to  indicate  that  at 

high  pressures  ( TiJ   does  vanish.    But  this  apparent  evidence  from 

Amagat  is  founded  on  an  accident,  and  a  rather  remarkable  accident, 
as  will  be  evident  from  an  inspection  of  Figure  99  for  Cp.  The  re- 
versal in  the  sign  of  f  ^J    takes  place  for  nearly  all  the  twelve 

liquids  at  pressures  which  are  in  the  neighborhood  of  3000  kgm.,  the 

maximum    pressure    reached    by    Amagat.    As  a  matter  of  fact, 

Amagat 's  data  do  show  in  some  cases  the  reversal  of  the  effect,  but 

the  experimental  error  was  fairly  high,  and  Amagat  himself  did  not 

credit  the  reversal  as  genuine.    Only  six  of  Amagat 's  liquids  can 

yield  evidence  on  this  point,  because  they  are  the  only  ones  for  which 

readings  were  made  at  more  then  two  temperatures;  of  these  six 

liquids,  ether,  ethyl  alcohol  and  carbon  bisulphide  show  the  reversal 

at  3000  kgm.,  while  methyl  and  propyl  alcohol  and  ethyl  chloride 

.  .      fShi\ 
show  a  positive  I  T-jl  over  the  entire  range. 
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At  higher  pressures  there  is  in  many  cases,  though  not  in  all,  a 
tendency  for  the  effect  to  reverse  again,  that  is,  for  the  dilatation  to 
again  become  greater  at  the  higher  temperature.  The  pressure  of 
this  second  reversal  is  in  the  vicinity  of  9000  or  10000  kgm.  This 
fact  also  is  indicated  by  the  Cp  curves. 

A  comparison  of  the  curves  for  the  different  liquids  shows  a  few 
features  of  interest.  In  the  group  of  the  five  alcohok,  isobutyl 
stands  out  as  being  the  simplest,  there  being  none  of  the  crossing  and 
recrossing  which  the  others  exhibit  at  the  higher  pressures.  In  this 
respect  the  four  normal  alcohols  are  much  alike  in  their  high  pressure 
complications.  That  isobutyl  alcohol  should  be  different  from  the 
other  alcohols  was  not  anticipated  before  these  experiments  were 
made,  since  it  seemed  probable  that  at  high  pressure  the  effect  of 
structural  differences  in  the  molecule  would  be  eliminated.  The 
effect  of  structural  difference  is  also  shown  by  a  comparison  of  isobutyl 
alcohol  and  ether,  since  these  two  have  the  same  formula,  C4H10O. 
The  high  pressure  effects  are  more  complicated  for  ether.  Acetone 
is  peculiar  in  the  wide  divergence  of  the  curves  at  the  maximum 
pressure.  It  does  not  show  any  unusual  effects  in  the  neighborhood 
of  the  freezing  point.  It  will  be  seen  later  that  the  specific  heats  are 
the  quantities  most  susceptible  to  irregularities  at  the  freezing  point. 
Carbon  bisulphide  is  remarkable  for  the  curve  at  20^,  which  shows  a 
large  increase  of  dilatation  between  6000  and  9000  kgm.,  and  also 
in  this  region  shows  a  much  greater  dilatation  than  the  curves  for 
the  higher  temperatures.  Phosphorus  trichloride  is  the  only  one  of 
the  twelve  liquids  which  behaves  approximately  as  had  been  expected, 

nearly  vankhes.  The  ciu^es  for  the  three  ethyl  halogen  compounds 
do  not  show  any  particular  progressive  change  of  character  such  as 

one  might  expect,  except  with  regard  to  the  pressure  at  which  ( vi  J 

reverses  in  sign.  This  is  shown  best  on  the  diagram  for  Cp.  The 
pressure  for  reversal  is  lower  than  for  most  of  the  other  liquids,  and 
becomes  less  as  the  molecular  weight  of  the  compound  increases. 
This  may  be  because  the  increased  molecular  weight  produces  an 
increase  in  the  cohesional  force  of  attraction,  Imd  a  consequent  in- 
crease in  the  internal  pressure,  with  the  same  effect  as  an  increase  of 
the  external  pressure.  Ethyl  iodide  is  remarkable  for  the  low  value  of 
the  dilatation  at  80**  at  6000  kgm.  The  minimum  as  0.00017,  and  b 
lower  than  for  any  of  the  other  liquids  at  the  highest  pressures. 
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It  is  evident  that  in  order  to  explain  these  complicated  facts  we 
shall  have  to  give  up  the  simple  picture  of  things  that  led  us  to  expect 
the  dilatation  always  to  increase  with  increasing  temperature  and  to 
decrease  with  increasing  pressure.  A  natural  way  of  modifying  our 
conceptions  so  as  to  make  room  for  these  effects  would  seem  to  be  as  , 
follows.  We  are  to  think  of  the  molecules  as  having  complicated 
shapes,  or  what  for  our  purposes  would  amount  to  the  same  thing, 
of  being  surrounded  by  fields  of  force  different  in  different  directions. 
This  concept  does  not  seem  to  be  a  forced  or  an  unlikely  one;  it 
must  certainly  be  the  fact  for  liquids  which  eventually  crystallize 
under  pressure,  and  for  liquids  which  do  not  crystallize  it  is  hard  to 
conceive  how  an  assemblage  of  atoms  with  unlike  chemical  affinities 
can  coalesce  into  a  molecule  identical  in  all  aspects.  The  effect  of 
pressure  on  such  an  assemblage  of  molecules  may  be  somewhat  as 
follows.  As  the  molecules  are  crowded  closer  together,  the  localized 
centers  of  force  on  the  comers  and  edges  play  an  increasingly  individu- 
alized part,  so  that  for  small  volumes  we  can  no  longer  regard  the 
molecules  as  centers  of  force  and  the  cohesional  force  as  a  function  of 
the  mean  distance  apart  of  the  molecules,  but  the  orientation  of  the 
molecules  with  respect  to  each  other  begins  to  have  its  effect.  Now  we 
suppose  that  the  natural  tendency  of  the  molecules  in  a  liquid  under 
normal  conditions  is  to  arrange  themselves  at  haphazard  with  relation  . 
to  each  other.  But  as  the  constraints  increase  with  decreasing  volume, 
the  characteristic  shape  compels  an  arrangement  not  entirely  at  hap- 
hazard, but  such  that  the  molecules  fit  into  each  other  to  some  extent. 
Now  it  is  evident  that  with  the  increasing  orderliness  of  the  arrange- 
ment of  the  molecules  the  relative  positions  of  the  localized  centers  of 
force  will  change.  What  is  more,  it  is  conceivable  that  the  change 
in  position  of  the  force  centers  will  be  such  that  on  the  average  the 
mean  attraction  between  the  molecules  shall  decrease  with  decreasing 
volume  instead  of  increasing  as  is  usual.  Still  more  would  this  be 
true  if  there  are  centers  of  both  attraction  and  repulsion  in  the  mole- 
cule, as  seems  very  likely  from  our  present  views  of  the  electrical 
nature  of  matter.  In  this  case  we  should  expect  the  greater  dilata- 
tion to  be  at  the  smaller  volumes,  because  the  cohesional  force  is  less. 
But  since  the  smaller  volumes  correspond  to  the  lower  tempera- 
tures, we  have  the  effect  already  met,  namely,  that  the  dilatation  is 
greater  at  the  lower  temperatures.  The  explanation  of  the  sometimes 
increasing  dilatation  with  rising  pressure  is  similar.  With  increasing 
pressure  the  molecules  may  be  forced  to  assume  positions  more  regu- 
lar in  arrangement,  of  less  volume,  and  of  less  average  attractional 
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force  also.  The  number  of  possible  positions  which  the  molecules 
may  assume  in  this  attempt  to  adapt  themselves  to  the  diminished 
space  at  their  disposal  may  evidently  be  very  great  with  molecules 
of  at  all  complicated  shapes,  so  that  there  is  here  the  possibility  of 
such  very  complicated  dilatation  curves  as  we  actually  have. 

Another  possible  explanation  which  in  the  end  amounts  to  very 
much  the  same  thing  for  some  purposes,  is  that  of  association.  If  we 
suppose  that  association  takes  place  with  decrease  of  volume,  and  that 
the  amount  of  association  is  increased  with  increasing  pressure,  and 
is  decreased  with  rising  temperature,  then  we  have  also  the  possibility 
of  decreasing  dilatation  with  rising  temperature  and  of  increasing 
dilatation  with  rising  pressure.  In  this  case  the  phenomena  are 
essentially  similar  to  those  of  solidification  under  pressure  of  a  mixture 
of  different  liquids.  Such  a  case  has  already  been  investigated  for 
kerosene,  which  shows  the  same  general  features  as  above.  -The 
phenomena  for  kerosene  are  much  simpler  than  for  these  liquids, 
however.  It  is  evident  that  one  simple  association  (such  as  single  to 
double  molecules)  is  not  sufficient  of  itself  to  explain  the  facts,  but 
if  we  assume  several  associated  molecules  of  varying  degrees  of  com- 
plexity, and  that  the  relative  numbers  of  these  change  with  pressure 
and  temperature,  the  explanation  would  account  for  several  of  the 
facts  actually  found.  But  reasons  will  be  given  in  the  next  section, 
for  supposing  that  association  cannot  have  a  very  large  part  in  the 
phenomena  at  high  pressures. 

We  now  turn  our  attention  to  Figure  32,  which  gives  in  one  diagram 
the  average  dilatation  between  20*^  and  80*^  for  all  twelve  liquids.  The 
origin  of  each  of  these  curves  has  been  displaced  downwards  one  unit 
with  respect  to  the  one  above  it.  The  origin  is  so  located  that  the 
value  of  the  thermal  dilatation  for  each  of  the  liquids  at  12000  kgm. 
is  between  0.0002  and  0.0003.  The  scale  of  the  drawing  is  indicated 
at  the  side.  The  immediately  striking  feature  is  that  the  curves  are 
nearly  equi-spaced  at  the  higher  pressures.  Approximate  equal 
spacing  of  the  curves  would  of  course  be  a  consequence  of  their  all 
approaching  zero,  but  this  is  not  the  entire  effect  by  any  means.  For 
instance,  the  ratio  of  the  dilatation  of  ether  to  that  of  amyl  alcohol 
at  low  pressure  fa  1.50  while  at  12000  kgm.  pressure  it  has  dropped  to 
1.03.  (In  the  computation  for  ether,  the  initial  dilatation  at  20^  was 
used.)  Thfa  is  only  the  first  example  of  many  we  shall  meet  tending 
to  show  that  at  high  pressures  liquids  lose  the  individual  differences 
which  characterized  them  at  low  pressures,  and  become  more  alike. 

The  very  gradual  change  of  dilatation  with  pressure  at  the  high 
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pressures  was  also  a  surprise.  The  grand  average  for  the  dilatation 
at  12000  kgm.  for  the  twelve  liquids  b  0.00025,  about  40%  more  than 
that  of  mercury  at  atmospheric  pressure  and  much  higher  than  for 
any  solid  except  possibly  gutta-percha.  It  is  ten  times  as  great  as 
that  of  aluminum,  for  example.    The  very  slow  change  of  dilatation 

TABLE  XVIII. 
Pressure  at  which  the  Thermal  Expansion  is  twice  as  large  as  it  is 

AT   12000   KGM. 


Substance. 

Pressiire. 
kgm. 
cm.« 

Substance. 

Pressure, 
kgm. 
cm.« 

Methyl  Alcohol 

2150 

Acetone 

2900 

Ethyl 

2000 

Carbon  Bisulphide 

2900 

Propyl 

2250 

Phosphorus  Trichloride 

2200 

Isobutyl     " 

1850 

Ethyl  Chloride 

2750 

Amyl 

2080 

Ethyl  Bromide 

3100 

Ether             m 

2750 

Ethyl  Iodide 

2400 

with  pressure  is  shown  in  Table  XVIII,  giving  the  pressure  at  which 
the  dilatation  has  twice  its  value  at  12000  kgm.  The  table  shows 
that  between  atmospheric  pressure  and  2400  kgm.  (on  the  average) 
the  dilatatioh  falls  to  about  0.4  its  initial  value,  while  over  a  further 
pressure  range  four  times  as  large  it  falls  off  only  an  additional  50%. 
From  these  data  it  would  appear  that  the  dilatation  must  remain  very 
considerable  for  pressures  far  in  excess  of  those  reached  here.  The 
approximate  equality  of  the  pressures  for  the  twelve  liquids  at  which 
the  dilatation  is  double  its  value  at  12000  kgm.  indicates  that  the 
liquids  behave  similarly  over  much  the  greater  part  of  the  pressure 
range. 

The  curves  in  general  fall  with  increasing  pressure,  but  all  the 
alcohok  show  a  tendency  to  become  stationary  or  to  rise;  while  carbon 
bisulphide  shows  an  extended  stationary  region  between  6000  and 
10000  kgm.  but  beyond  10000  its  curve  drops  with  unusual  steepness. 

The  four  normal  alcohols  show  a  dilatation  continually  decreasing 
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for  example^  would  be  that  over  the  temperature  range  40°-80**, 

The  general  behavior  of  the  compressibility  that  one  is  prepared  to 
expect  from  experiments  at  low  pressures  is  a  decrease  with  increasing 
pressure,  and  an  increase  with  increasing  temperature.  The  familiar 
conception  of  a  liquid  due  to  van  der  Waals  is  competent  to  explain 
this.  The  difference  between  the  free  space  open  to  the  molecules 
for  their  temperature  vibrations  and  the  total  volume  of  the  liquid  is 
equal  to  the  volume  of  the  molecules  themselves,  or  else  to  a  small 
multiple  of  it.  When  pressure  is  increased,  therefore,  the  free  space 
diminishes  much  more  rapidly  than  the  total  volume.  Now  we  may 
suppose  the  pressure  exerted  by  a  liquid  to  be  due  in  large  measure  to 
the  bombardment  of  the  walls  by  the  temperature  agitation  of  the 
molecules.  The  more  frequent  the  collisions,  the  greater  the  pressure. 
Now  at  constant  temperature,  the  number  of  collisions  is  inversely  as 
the  free  space.  At  higher  pressures,  that  is  smaller  volumes,  a  given 
diminution  of  total  volume  implies  a  greater  diminution  of  the  free 
volume  than  at  low  pressures,  and  therefore  a  greater  increase  of 
pressure.  So  that  at  small  volumes  (high  pressures)  a  given  decrease 
of  volume  carries  with  it  a  greater  increase  of  pressure  than  at  larger 
volumes  (lower  pressures),  or  in  other  words,  the  compressibility 
decreases  with  rising  pressure.  The  increase  of  compressibility  at 
higher  temperatures  is  to  be  explained  in  the  same  way.  At  higher 
temperatures  (constant  pressure)  the  volume  is  greater  and  we  expect 
greater  compressibility.  This  however,  is  not  the  only  element 
involved  in  the  change  of  compressibility  with  temperature;  there  is 
also  a  temperature  effect  as  such.  It  was  found  in  the  paper  on  water 
that,  at  equal  volumes,  the  compressibility  was  always  less  at  the  higher 
temperatures.  The  reason  is  evidently  the  more  rapid  agitation  of 
the  molecules.  At  equal  volumes,  a  given  decrease  in  the  total 
volume,  and  so  of  the  free  volume,  will  produce  the  same  proportional 
increase  in  the  number  of  impacts  at  high  and  low  temperatures,  but 
at  high  temperatures  each  impact  involves  a  greater  change  of  mo- 
mentum, with  the  result  that  at  the  higher  temperatures  a  given  de- 
crease of  volume  produces  a  greater  increase  in  pressure,  which  means 
a  lower  compressibility. 

A  detailed  examination  of  the  curves  shows  that  these  expectations 
are  justified  to  a  rather  greater  degree  than  was  the  case  for  the 
thermal  dilatation.  The  compressibility  decreases  with  rising  pres- 
sure for  all  twelve  liquids  at  40®.    A  careful  analysis  of  the  difference 
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curves  will  show  that  this  is  also  the  case  for  the  other  three  tempera- 
tures, with  a  single  exception.  For  carbon  bisulphide,  between 
11000  and  12000  kgm.  there  is  an  increase  of  compressibility  from 
0.0,101  to  0.0,102  at  60^  and  from  0.0,103  to  0.0,105  at  80**.  The 
change  is  very  small  and  may  well  be  due  to  experimental  error.  The 
difference  curves  show  as  bewildering  small  variations  with  tempera- 
ture as  the  thermal  dilatation  curves,  so  that  it  is  hopeless  to  try  to 
explain  them  in  detail  at  this  stage  of  our  knowledge.  It  would  seem, 
however,  that  an  actual  reversal  of  the  effect,  that  is,  a  smaller  com- 
pressibility at  a  higher  temperature,  does  not  occur  so  often  as  was 
the  case  for  the  dilatation.  The  reversal  of  the  dilatation  was  uni- 
versal for  all  liquids  and  took  place  between  1000  and  3000  kgm. 
But  the  reversal  of  the  compressibility,  indicated  by  the  difference 
curve  crossing  the  axis,  is  sporadic  in  occurrence,  and  only  once  occurs 
for  all  temperatures  simultaneously. 

Comparison  of  the  curves  shows  some  points  of  interest.  The  first 
three  alcohols  show  a  slight  kink;  propyl  alcohol  at  3000  kgm.,  ethyl 
at  1100,  and  methyl  possibly  at  a  somewhat  lower  pressure.  Amyl 
alcohol  apparently  has  lost  the  kink.  These  four  alcohols  show  in 
rather  desultory  fashion  for  at  least  one  temperature  the  temperature 
reversal  at  high  pressures.  Isobutyl  alcohol,  as  we  expect,  shows 
the  effect  of  structural  variation  by  curves  of  different  character  from 
the  other  four  alcohok,  in  that  they  show  no  reversal,  but  decrease 
with  fair  regularity  under  increasing  pressure.  Isobutyl  alcohol  is 
also  remarkable  for  the  extremely  rapid  initial  drop  of  compressi- 
bility with  rising  pressure.  Ether,  the  isomer  of  isobutyl  alcohol,, 
still  further  shows  the  importance  of  the  structure  of  the  molecule; 
the  difference  curves  for  ether  show  reversal  at  high  pressures,  and 
are  also  more  widely  separated  than  the  ciu^es  for  isobutyl  alcohol. 
The  last  six  liquids  show  a  somewhat  greater  temperature  effect  on 
compressibility  than  the  first  six.  Acetone  shows  a  strange  maximum 
in  the  difference  curve  between  4000  and  5000.  Carbon  bisulphide 
shows  greater  variations  at  the  highest  pressures  than  any  other 
liquid  (it  will  be  remembered  that  the  dilatation  curves  also  show 
abnormally  great  variations),  and  a  reversal  of  the  effect  at  9000  kgm. 
simultaneous  for  all  temperatures.  This  simultaneous  reversal  is 
shown  by  no  other  liquid,  and  reminds  one  of  the  dilatation.  Phos- 
phorus trichloride  shows  no  marked  features;  the  compressibility 
curves  are  not  so  simple  as  the  dilatation  curves.  The  halogen  com- 
pounds do  not  show  any  marked  similarities.  Ethyl  chloride  is  with- 
out particular  features.    Ethyl   bromide  has  a   very  pronounced 


Digitized  by 


GooglQ 


86  PROCEEDINGS  OF  THE  AMERICAN  ACADEMY. 

separation  of  the  curves  for  20**  and  40**  at  4000  kgm,,  while  ethyl 
iodide  shows  a  similar,  but  smaller  separation  between  the  20°-40** 
and  also  the  40°-60°  curves.  The  halogens  all  show  reversals  at  the 
high  pressures. 

The  occasional  reversal  of  compressibility  with  temperature,  that 
is,  a  smaller  compressibility  at  a  higher  temperature,  has  ready 
explanation  if  we  adopt  the  hypothesis  of  molecules  with  shape.  We 
have  seen  that  in  this  event,  because  of  the  varying  completeness 
with  which  the  molecules  interlock,  it  may  sometimes  happen  that 
the  increase  of  volume  with  temperature  results  in  a  decrease  of  the 
free  space  open  to  the  thermal  agitation  of  the  molecules.  In  this 
case  the  compressibility  is  less  at  high  temperatures  than  at  low. 
The  same  argument  would  admit  also  the  possibility  of  compressi- 
bility increasing  with  increasing  pressure  if  the  effect  of  pressure  is 
to  produce  a  better  fitting  together  of  the  molecules  and  so  greater 
free  space.  It  may  be,  therefore,  that  the  effect  found  for  carbon 
bisulphide  is  genuine,  and  not  to  be  explained  away  by  experimental 
error. 

As  a  general  rule,  the  result  found  for  water  applies  to  these  twelve 
liquids  also,  namely  that  compressibility  when  plotted  against  volume 
is  less  at  the  higher  temperatm^es.  There  are,  however,  a  few  excep- 
tions. Carbon  bisulphide  and  ethyl  chloride,  for  example,  show  a 
reverse  effect  at  the  higher  pressures.  A  possible  explanation  of  this 
is  to  be  found  in  the  opposition  of  two  effects.  In  general  we  think 
of  the  effects  of  lowering  the  temperature  and  of  increasing  the  pres- 
sure as  the  same,  namely  to  increase  the  degree  of  interlocking  of 
the  molecules.  If  now  we  compare  two  states  of  the  liquid,  each 
occupying  the  same  volume,  but  one  at  a  higher  temperature  than 
the  other,  we  see  that  the  high  temperature  condition  differs  from  the 
low  in  that  the  molecules  are  less  interlocked  so  that  they  have  less 
free  space  at  their  disposal.  An  increase  of  pressure  will  tend  to 
produce  a  smaller  change  of  volume  at  the  high  temperature  there- 
fore, because  of  the  smaller  free  space  which  the  molecules  possess. 
But  on  the  other  hand,  an  increase  of  pressure  will  tend  to  produce 
a  greater  change  of  volume  because  the  effect  of  increased  pressure 
is  to  increase  the  amount  of  interlocking,  and  so  to  decrease  the 
volume.  As  one  or  the  other  of  these  effects  predominates,  we  shall 
have  smaller  or  greater  compressibility  at  the  higher  temperatures 
with  constant  volume.  We  have  seen  that  the  compressibility  is 
usually  smaller. 

We  turn  now  to  the  diagram  (Figure  45)  in  which  are  collected 
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the  average  of  the  results  for  all  twelve  liquids.    As  for  the  curves  of 
thermal  dilatation,  the  zeros  of   the  successive  curves  are  displaced 

TABLE  XIX. 

Changes  of  CoMPREssiBiLrrr  and  Thermal  Expansion  produced   bt 

Pressure. 


Liquid. 

Oompresiibllity. 

K. 

DUatation,  d.                 1 

«riooo 

«1J000 

«1JOOO 

'^utooo 

*11000 

^1000 

diaooo 

^11000 

ai»oo 

1 

18.4 

8.2 

2.20 

0.0»74 

4.29 

2.76 

1.23 

0.0i298 

2 

13.7 

7.4 

2.02 

81 

4.50 

2.73 

1.30 

268 

3 

15.8 

7.8 

1.94 

70 

4.80 

3.06 

1.33 

237 

4 

16.6 

6.3 

1.68 

86 

4.15 

2.62 

1.17 

275 

5 

14.4 

7.1 

1.88 

74 

4.40 

2.84 

1.30 

240 

6 

7.7 

1.62 

96 

3.65 

1.32 

248 

7 

7.3 

1.85 

87 

3.27 

1.35 

282 

8 

13.8 

6.3 

1.82 

87 

5.47 

3.16 

1.31 

262 

9 

14.2 

7.1 

1.81 

80 

4.84 

2.83 

1.31 

278 

10 

8.4 

1.78 

90 

3.44 

1.37 

267 

11 

14.9 

8.3 

1.87 

82 

3.46 

1.33 

260 

12 

14.9 

7.2 

1.89 

81 

4.86 

3.15 

1.22 

248 

Water 

4.9 

3.7 

1.64 

89 

1.00 

1.00 

1.00 

400 

Kerosene 

1.82 

87 

1.14 

280 

one  square  with  respect  to  each  other.  The  origin  of  each  curve  is 
so  situated  that  at  12000  kgm.  the  compressibility  has  approached 
to  within  less  than  one  unit  of  zero.  Thus,  the  compressibility  of 
ethyl  alcohol  at  12000  is  0.0*81. 

The  most  striking  feature  b  that  the  curves  become  nearly  equi- 
spaced  at  the  higher  pressures.  This  appearance  of  increasing  equality 
of  behavior  is  not  an  illusion  due  to  the  approach  of  all  the  curves  to 
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zero,  but  it  is  real,  as  shown  by  the  fact  that  the  variation  in  the  ratios 
of  the  initial  compressibilities  of  the  liquids  to  each  other  is  greater 
than  the  variation  in  the  ratios  at  12000  kgm.  The  increasing 
equality  at  high  pressures  is  also  made  more  strikingly  visible  to  the 
eye  by  noting  on  the  diagram  at  what  pressure  the  compressibility 
is  equal  to  O.O42O.  For  all  the  twelve  liquids  except  propyl,  isobutyl, 
and  amy]  alcohol  this  pressiu^  is  between  4000  and  5000  kgm.,  and 
for  the  alcohols  it  is  not  far  removed.  This  is  the  same  sort  of  thing 
that  we  have  seen  to  hold  for  the  dilatation  curves. 

The  compressibility  curves  are,  however,  quite  different  from  the 
dilatation  curves  in  several  respects.  The  effect  of  pressure  is  very 
much  greater  in  decreasing  the  compressibility  than  in  decreasing 
the  dilatation.  Furthermore,  the  decrease  of  compressibility  at  the 
higher  pressures  continues  to  be  more  rapid  than  that  of  the  dilatation; 
both  the  initial  and  the  final  relative  rates  of  change  are  more  rapid 
for  the  compressibility  than  for  the  dilatation.  This  is  shown  in 
Table  XIX.  In  the  second  and  sixth  columns  of  this  table  the  rela- 
tive changes  of  compressibility  and  dilatation  are  given  over  the 
entire  pressure  range.  The  change  is  about  four  times  greater  for 
the  compressibility  than  for  the  dilatation.  The  fourth  and  eighth 
columns  show  that  the  change  between  6000  and  12000  is  greater  for 
the  compressibility  than  for  the  dilatation.  In  other  words,  the 
dilatation  comes  much  nearer  to  approaching  a  finite  asymptote 
than  the  compressibility.  This  is  not  what  was  expected  at  first. 
It  was  thought  that  at  high  pressures  the  molecules  would  be 
squeezed  into  virtually  perfect  contact,  that  the  compressibility 
would  be  provided  for  by  the  compression  of  the  molecules,  but  that 
imder  these  conditions  the  dilatation  would  practically  vanish.  The 
exact  reverse  has  turned  out  to  be  the  Case.  The  data  previously 
obtained  for  water  and  kerosene  have  also  been  included  in  the  table. 
At  high  pressures  kerosene  behaves  much  like  the  other  liquids. 
Water  is  nearly  normal  at  high  pressures  as  regards  compressibility, 
but  is  abnormal  over  the  entire  range  with  respect  to  temperature 
effects. 

The  compressibility  of  these  liquids  at  12000  kgm.  may  be  com- 
pared with  the  compressibility  of  metals  imder  ordinary  conditions. 
For  mercury  the  value  is  about  0.0*39,  and  for  iron  0.0e58.  The 
average  compressibility  of  these  liquids  at  12000  kgm.  is  therefore, 
about  twice  the  initial  compressibility  of  mercury  and  about  fourteen 
times  that  of  iron.  The  average  dilatation  at  12000  approaches  more 
nearly  to  that  of  mercury,  being  about  40%  greater,  but  is  farther 
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removed  from  the  dilatation  of  iron,  being  about  20  times  greater: 
The  difference  between  compressibility  and  dilatation  b  further 
accentuated  by  the  fact  that  the  compressibility  of  iron  is  nearly  as 
low  as  that  of  any  solid,  while  there  are  a  number  of  solids  with  ai 
smaller  dilatation.  There  seems,  therefore,  to  be  more  difference 
between  a  solid  and  a  liquid  with  respect  to  thermal  expansion  than 
with  respect  to  compressibility. 

Pressure  Coefficient. —  No  diagrams  have  been  given  for  this 
quantity,  but  it  is  nevertheless  worth  some  discussion,  because  of 
the  part  it  has  played  in  previous  theoretical  discussions.  This 
so-called    "pressure   coeflScient"    is    the    thermodynamic   quantity 

degree  at  constant  volume,  and  is  mathematically  equivalent  to  the 
ratio  of  dilatation  to  compressibility  Ij-j  ""'(5")     i'^]  '    ^^ 

has  been  proposed  as  an  empirical  law  by  Ramsay  and  Young  that 
the  pressure  coeflScient  is  a  function  of  the  volume  only.  That  is, 
if  the  pressure  coeflScient  is  plotted  against  volume,  the  curves  for 
different  temperatures  will  fall  together.  The  experiments  of  Ramsay 
and  Young  covered  a  wide  temperature  range,  but  a  comparatively 
low  pressure  range,  since  their  chief  concern  was  with  the  relations 
between  a  liquid  and  its  vapor,  and  their  pressures  seldom  exceeded 
the  critical  pressure,  a  matter  of  a  few  hundred  atmospheres.  Amagat, 
in  his  discussion  of  his  own  results  for  liquids  up  to  3000  atmos.,  has 
devoted  considerable  attention  to  the  pressure  coefficient.  One  of 
l^s  results  was  that  the  pressure  coefficient  is  approximately  inde- 
pendent of  temperature  at  constant  volume,  but  does  nevertheless 
show  small  consistent  variations,  which  Amagat  was  unwilling  to 
ascribe  to  experimental  errors.  The  coefficient  of  different  substance) 
may  increase  or  decrease  with  .rising  temperature,  or  show  still  more 
complicated  variations.  The  coefficient  increases  with  decreasing 
volume,  that  is  with  increasing  pressure.  Tammann,  however,  in 
his  recent  empirical*  theory  of  liquids  for  high  pressures,  has  con- 
cluded from  an  examination  of  Amagat 's  work  that  the  variations 
which  Amagat  found  in  the  pressure  coefficient  do  not  exceed  the 
possible  experimental  errors.  Tammann  has  accordingly  taken  as 
one  of  the  fundamental  hypotheses  of  his  theory  the  assumption  that 
the  pressure  coefficient  is  a  function  of  the  volume  only. 

TTie  discussion  of  the  pressure  coefficient  to  be  given  here  has  for 
its  only  purpose  to  show  that  at  high  pressures,  whatever  the  facts 
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may  be  at  low  pressures,  there  is  absolutely  no  ground  for  the  assump- 
tion that  the  coefficient  remains  independent  of  the  temperature. 
This  was  shown  to  be  the  fact  in  the  previous  paper  on  water,  but  the 
argument  lost  force  because  water  is  abnormal.  However,  for  none 
of  the  twelve  liquids  of  this  paper  is  the  relation  even  approximately 
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Volume; 
Carbon  Bisulphide^ 

FiGUBB  46.  The  pressure  coefficient  of  carbon  bisulphide  plotted  ^lunst 
volume.  The  diagram  shows  that  at  hieh  pressiu'es  the  pressure  coefficient 
is  a  function  of  temperatiu^  as  well  as  of  volume. 

satisfied.  It  is  not  necessary  to  show  curves  for  all  twelve  liquids 
in  order  to  disprove  this  one  point.  The  data  are  at  hand  so  that  any 
one  may  make  a  complete  test  for  himself.  A  single  diagram,  chosen 
at  random,  is  sufficient  to  show  that  the  proposed  relation  breaks 
down  completely,  as  indeed  one  would  expect  it  to  in  view  of  the 
complications  of  compressibility  and  dilatation.  Figure  46  shows 
this  for  carbon  bisulphide.    It  speaks  for  itself. 

Work  of  Compression. —  The  mechanical  work  of  compres- 
sion is  shown  in  Folder  III;  Figures  47  to  58  are  for  the  liquids 
separately,  and  Figure  59  shows  the  average  between  20®  and  80®  of 
all  twelve  liquids  together.  The  difference  of  the  work  for  different 
temperatures  is  so  nearly  the  same  that  the  differences  could  not  have 
been  read  accurately  directly  from  the  curves.  The  course  was 
adopted,  therefore,  of  plotting  the  work  at  40®  only,  and  in  the  lower 
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part  of  the  diagram  giving  on  an  enlarged  scale  the  difference  of  the 
work  for  intervab  of  20°. 

The  curves  for  the  separate  liquids  do  not  require  much  comment. 
The  difference  curves  are  um'versally  positive;  that  is,  it  is  always 
true  that  more  mechanical  work  is  expended  when  a  liquid  is  com- 
pressed to  a  given  pressure  at  a  high  temperature  than  at  a  lower 
one.  Beyond  this,  however,  there  do  not  seem  to  be  many  common 
features.  The  curves  show  irregular  and  apparently  unrelated  varia- 
tions, but  the  irregularities  are  not  so  great  as  for  the  dilatation  or 
the  compressibility.  Of  course  this  was  to  be  expected,  because  the 
curves  are  essentially  integral  curves. 

Three  of  the  alcohok,  methyl,  ethyl,  and  amyl,  show  similar  differ- 
ence curves.  Ether  and  isobutyl  alcohol,  isomers,  are  unlike,  as  we 
have  found  them  before.  The  difference  curve  20^-40®  for  carbon 
bisulphide  shows  the  effect  of  the  abnormally  high  compressibility 
at  20^  which  we  saw  previously,  and  the  three  ethyl  halogens  show 
similarities.  Other  variations  in  the  difference  curves  are  not  par- 
ticularly illuminating. 

Figure  59,  combining  the  average  results  for  the  twelve  liquids,  is 
of  more  interest.  The  similarity  in  general  shape  of  all  the  curves  is 
perhaps  the  most  interesting  feature.  The  curves  become  nearly 
linear  at  the  higher  pressures.  This  of  course  is  not  the  usual  rela- 
tion between  stress  and  work  for  a  body  like  a  steel  spring,  which 
maintains  a  stiffness  independent  of  stress.  For  such  bodies  the 
work  stored  up  as  potential  energy  of  strain  varies  as  the  square  of 
the  stress.  This  is  true  for  liquids  also  over  a  pressure  range  so  small 
that  the  compressibility  may  be  regarded  as  constant,  and  is  shown 
in  the  initial  stages  by  all  the  curves,  which  are  tangent  to  the  axis 
at  the  origin.  The  fact  that  at  high  pressures  the  curves  tend  to 
become  linear,  still  remaining  slightly  concave  upwards,  means  that 
at  high  pressures  the  compressibility  is  becoming  less,  so  that  the 
change  of  volume,  and  therefore  the  work,  b  less  for  a  given  increment 
of  pressure. 

K  we  assume  tentatively  that  the  work  of  compression  is  linear  at 
high  pressures,  we  have  a  means  of  finding  the  compressibility  and 
the  volume  at  high  pressures.    For; 

W  =  —    /     p  ( r" )  dp  =  a  +  bp    (a  is  negative,  6  positive). 

Differentiating  this  equation,  we  obtain. 


\dp)t  p 
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whence, 

^V  =  /''(^)^  dp^-bhgp+C. 

This  equation  cannot  be  expected  to  hold  for  low  pressures.  The 
constants  may  be  determined  as  follows.  From  the  curves  for  W 
above  5000  kgm.  we  find  that  an  approximate  value  for  6  is  0.1.  If 
furthermore  we  assume  as  a  fair  average  of  all  twelve  liquids  that 
AV  =  —0.25  when  p  =5000,  the  equation  becomes, 

AV 0.1  log^  +  0.6017. 

The  equation  evidently  cannot  hold  for  infinite  pressures,  because  it 
demands  that  AV  decrease  indefinitely,  and  it  b  physically  impossible 
that  AV  should  become  less  than  —  1.  But  the  pressure  at  which  this 
would  happen  according  to  the  above  formula  is  9,060,000  kgm.  This 
is  so  very  far  beyond  the  range  of  these  experiments,  that  it  would 
probably  be  safe  to  apply  a  similar  equation  as  an  approximate  expres* 
sion  for  any  experimental  pressures  above  5000  kgm. 

The  mathematical  analysis  gives  us,  furthermore,  information  as 
to  the  ultimate  behavior  of  the  work  of  compression.  For  the  actual 
work  must  eventually  be  less  than  that  given  by  the  above  formula, 
which  corresponds  to  a  smaller  change  of  volume.  It  must  be,  there- 
fore, that  at  higher  pressures  the  curvature  reverses,  and  the  curve 
becomes  convex  upwards.  Methyl  and  amyl  alcohol  show  the  begin- 
ning of  this  effect,  but  in  view  of  the  extreme  remoteness  of  the  vanish- 
ing of  the  volume  predicted  above,  it  may  well  be  that  this  slight 
change  of  curvature  is  merely  one  of  the  many  local  variations. 

The  maximum  amount  of  work  stored  up  at  12000  kgm.  is  nearly 
the  same  for  all  twelve  liquids;  much  more  nearly  equal  than  the 
initial  differences  in  the  compressibilities  would  lead  us  to  expect. 
The  variations  in  the  maximum  are  about  25%,  whereas  there  are 
initial  variations  in  the  compressibility  of  100%.  If  we  admit  water 
to  our  family  of  curves,  as  we  may  because  the  final  work  of  com- 
pression is  over  9  kgm.  m.,  the  variation  in  the  initial  compressibility 
may  be  400%.  Initial  differences  of  compressibility  have  little  effect 
on  the  work  at  the  maximum  pressure,  because  of  the  comparatively 
small  amount  of  work  done  at  low  pressures. 

The  total  amount  of  mechanical  work  stored  up  in  a  liquid  is  quite 
considerable.  For  example  the  work  of  compression  of  ether  at  12000 
kgm.  would  suflSce  to  rabe  it  through  about  45000  ft.,  or  to  give  it  a 
velocity  of  1700  ft.  sec. 
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Heat  of  Compression. —  The  heat  of  compression,  that  is  the 
•quantity  of  heat  in  kgm.  m.  which  flows  out  of  a  substance  as  it  is 
compressed  isothermally,  is  shown  in  Folder  4;  for  the  twelve  liquids 
separately  in  Figures  60  to  71,  and  the  average  for  the  twelve  liquids 
collected  into  a  single  diagram  in  Figure  72.  The  differences  of  the 
curves  for  different  temperatures  are  sufficiently  great  so  that  the  total 
heat  of  compression  for  each  temperature  could  be  plotted  and  the 
xUfference  foimd  with  sufficient  accuracy  directly  from  the  curves, 
without  the  necessity  of  drawing  difference  curves  as  was  the  case 
for  the  work  of  compression.  The  zero  of  each  curve  has  been  dis- 
placed upwards  one  square  for  the  successive  temperatures.  In  the 
<aise  of  those  liquids  which  boil  at  low  temperatures,  the  zero  of  the 
curves  for  all  temperatures  has  been  taken  at  the 'same  pressure,  500 
or  1000  kgm.,  although  it  would  have  been  possible  to  extend  the 
curves  to  atmospheric  pressure  for  the  lower  temperatures.  In  the 
case  of  acetone  and  ethyl  chloride  the  curves  for  the  lower  tempera- 
tures have  been  extended  backwards  from  the  origin  (1000  kgm.)  to 
atmospheric  pressure. 

The  heat  of  compression  is  positive,  that  is,  as  a  substance  is  com- 
pressed isothermally,  heat  flows  out  to  the  surroundings.  Examina- 
tion of  the  curves  in  detail  shows  also  that  the  total  heat  always 
increases  with  increasing  pressure.  This  is  a  direct  consequence  of 
the  fact  that  the  thermal  expansion  is  always  positive.  The  curves 
therefore,  show  less  pronounced  irregularities  than  some,  such  as 
those  for  compressibility  for  example. 

In  general,  the  concavity  is  toward  the  pressure  axis,  that  is,  the 
increase  of  the  heat  of  compression  becomes  less  rapid  at  the  higher 
pressures.  The  curves  for  the  different  liquids  at  different  tempera- 
tures show  that  the  heat  is  not  universally  greater  at  the  higher 
temperatures,  although  such  is  generally  the  case.  This  is  shown 
by  the  curves  drawing  together  at  high  pressures  in  some  cases  to 
within  less  than  the  one  square  which  separated  them  at  the  origin. 
An  example  of  this  is  afforded  by  amyl  alcohol  between  20®  and  40°, 
and  by  ethyl  chloride  and  ethyl  iodide  between  60*^  and  80®.  In 
general,  a  drawing  together  of  the  curves  with  increasing  pressure 
means  that  the  expansion  is  less  at  the  higher  temperature.  There 
are  many  instances  of  thb,  although  it  is  not  usual  that  the  drawing 
together  is  great  enough  to  bring  the  curves  to  within  less  than  the 
original  arbitrary  distance  of  separation. 

Figure  72,  in  which  are  collected  the  average  results  for  all  twelve 
liquids,  shows  again  that  the  twelve  liquids  are  alike  in  character. 
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It  is  true  that  the  curves  cross  in  one  or  two  instances,  and  are  un- 
evenly spaced  at  the  high  pressures,  but  the  differences  are  very  much 

TABLE  XX. 
Comparison  of  Thermal  Expansion  with  Heat  op  Ck)MpREssioN. 


Liquid. 

Expansion. 

Heat  of  Compression           1 

Expansion  at 

Atmospheric 

Pressure. 

Ratio 

to 

Average. 

Heat 

at 

12000  Icgm. 

Ratio 
to 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

.00128 
120 
115 
114 
106 
170(?) 
172(?) 
143 
134 
190(?) 
185(?) 
120 

.91 

.85 

.82 

.81 

.75 

1.20 

1.22 

1.01 

.95 

1.35 

1.31 

.85 

18.0 
16.4 
18.0 
16.0 
14.9 
17.4 
19.6 
18.0 
17.5 
18.5 
18.3 
15.5 

1.04 

.96 

1.04 

.92 

.86 

1.01 

1.13 

1.04 

1.01 

1.07 

1.06 

.89 

Average 

141 

17.3 

Maximum  variation  of  initial  expansion,  1:1.8 
Maximum  variation  of  heat  at  12000  kgm.  1 :1 :3 

less  than  one  would  expect  from  the  differences  in  the  initial  direction 
of  the  curves.    The  heat  of  compression  is  given  byQ=    /'^(s")  ^^» 

fdv\ 
so  that  the  relative  initial  values  of    I  t"  )  ,    that  is  the  initial  slope? 
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of  the  curves  for  Q,  give  us  an  idea  of  what  we  might  expect  to  be 
the  relative  values  of  Q  if  the  liquids  preserved  over  the  entire 
pressure  range  their  relative  initial  behavior.  Table  XX  shows  this. 
It  gives  the  initial  dilatation  and  its  ratio  to  the  average,  the  total 
heat  given  out  at  12000  kgm.  and  its  ratio  to  the  average.  Tlie 
dilatation  tabulated  for  the  low  boiling  liquids  was  obtained  by  a 
linear  extrapolation,  which  gives  values  too  small.  Larger  values 
for  these  liquids  would  only  increase  the  force  of  the  argument.  It  is 
obvious  that  the  two  ratio  columns  show  only  a  general  rough  agree- 
ment; large  values  of  one  corresponding  to  large  values  of  the  other. 
There  seems  to  be  no  correspondence  in  the  small  variations  in  the 
ratio  column.  This  shows  that  the  initial  behavior  of  a  liquid  with 
respect  to  the  heat  of  compression  does  not  fix  its  behavior  at  the 
higher  pressiu'es.  Furthermore,  the  magnitude  of  the  variations  in 
the  ratios  of  the  dilatation  are  greater  than  the  variations  of  the  heat 
ratios;  a  maximum  variation  in  the  one  column  of  1 :1.8  against  1 :1.3 
in  the  other.  This  shows  again  that  the  liquids  become  more  alike 
at  the  high  pressures  than  we  should  expect  from  their  initial  behavior 
at  atmospheric  pressure. 

Tlie  magnitude  of  the  heat  of  compression  is  of  interest  For  the 
average  liquid  this  is  about  17  kgm.  m.  at  12000  kgm.  If  we  take  as  a 
fair  average  for  Cp  25  kgm.  cm.  this  means  that  the  amount  of  heat 
flowing  out  of  the  average  liquid  as  it  is  compressed  isothermally  to 
12000  kgm.  would  raise  it  through  68°  at  atmospheric  pressure. 

Change  of  Internal  Energy.  —  This  quantity  is  shown  on 
Folder  V;  for  the  twelve  liquids  separately  at  four  temperatures 
in  Figures  73  to  84,  and  the  average  results  for  the  twelve  liquids 
plotted  against  pressure  in  Figure  85  and  against  volume  in  Figure 
86.  The  change  of  energy  plotted  in  these  figures  is  the  internal 
energy  at  atmospheric  pressure  minus  the  internal  energy  at  the 
pressure  in  question.  A  positive  value  for  the  change  means,  there- 
fore, that  the  internal  energy  is  less  at  the  higher  pressure  than  it  is 
at  atmospheric.  The  origins  of  the  curves  for  the  separate  tempera- 
tures have  been  displaced  with  respect  to  each  other,  so  as  not  to 
confuse  by  over  lapping.  In  the  cases  where  the  liquid  boils  at  low 
temperatures  the  origin  of  the  curve  for  the  higher  temperatures  has 
been  taken  at  500  or  1000  kgm. 

The  change  of  internal  energy  was  found  by  taking  the  difference 
between  the  heat  and  the  work  of  compression.  The  curves  show 
nothing,  therefore,  not  already  given. 

The  different  substances  show  irregularities  which  cannot  be  dwelt 
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on  here.  In  general,  the  curves  for  the  higher  temperatures  tend  to 
draw  apart,  that  is,  the  decrease  of  internal  energy  is  greater  at  the 
higher  temperature,  but  there  are  several  well  pronounced  exceptions 
to  this  rule.  Amyl  alcohol,  ethyl  chloride,  and  ethyl  iodide,  for 
example,  are  exceptional  at  the  same  temperatures  where  we  found 
exceptional  behavior  with  respect  to  the  work  of  compression. 

The  change  of  internal  energy  is  to  be  thought  of  as  brought  about 
by  the  counterplay  of  two  opposing  sets  of  forces,  and  it  is  significant 
because  of  what  it  can  tell  ua  about  these  forces.  When  a  substance 
is  compressed,  the  molecules  are  brought  closer  together,  the  attrac- 
tive forces  between  the  molecules  do  work,  the  potential  energy  of 
the  attractive  forces  decreases,  and  the  internal  energy  decreases. 
But  at  the  same  time,  the  molecules  become  compressed  by  mutual 
contact,  energy  is  stored  up  inside  the  molecule  by  the  external 
forces  in  the  form  of  potential  energy  of  strain,  and  the  internal 
energy  increases.  Now  these  two  sets  of  forces  play  very  different 
roles  at  different  stages  of  the  compression.  At  low  pressures,  where 
the  molecules  may  be  thought  of  as  possessing  a  free  path,  no  poten- 
tial energy  of  strain  can  be  permanently  stored  up  in  the  molecule, 
because  during  the  motion  in  the  free  path  it  has  been  entirely  con- 
verted into  translational  kinetic  or  temperature  energy.  This  is 
what  takes  place  in  a  gas.  But  as  the  volume  of  the  Uquid  becomes 
less,  the  length  of  the  free  path  rapidly  becomes  smaller,  and  at  any 
instant  an  increasingly  large  number  of  molecules  is  not  describing 
part  of  any  free  path  at  all,  but  b  merely  being  handed  on  directly 
from  one  collision  to  the  next.  At  this  stage,  potential  energy  of 
strain  can  be  permanently  stored  up  within  the  molecule.  At  still 
higher  compressions,  when  the  molecules  are  practically  in  continu- 
ous contact,  there  is  still  greater  possibility  of  storing  up  internal 
energy  of  strain.  The  possibility  is  limitless,  provided  only  that  the 
molecule  never  becomes  incapable  of  further  compression.  The  loss 
of  internal  potential  energy  by  the  attractive  forces  cannot  proceed 
beyond  a  certain  limit,  however,  imposed  by  the  least  distance  of 
approach  of  the  molecules. 

We  should  expect,  therefore,  that  at  low  pressures  the  internal 
energy  would  decrease  with  rising  pressure,  the  attractive  forces 
being  in  the  ascendant,  but  at  the  higher  pressures,  where  the  forces 
resisting  compression  have  become  dominant,  that  the  energy  would 
increase  with  rising  pressure.  For  the  two  liquids  previously  investi- 
gated in  this  respect,  mercury  and  water,  the  energy  was  found  to 
continue  to  decrease  over  a  pressure  range  of  12000  kgm.    The  direc- 
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tion  of  curvature  was  in  each  case  such  as  to  suggest  that  this  decrease 
might  not  Continue  indefinitely,  and  it  was  suggested  then  that  there 
must  ultimately  be  a  reversal  of  the  effect.  It  seemed  surprising 
that  at  pressures  as  high  as  12000  kgm.  the  attractive  forces  should 
still  do  more  work  than  could  be  stored  up  as  strain  by  the  external 
forces. 

Figure  85,  giving  the  average  for  the  twelve  liquids,  shows  that  the 
anticipation  of  a  reversal  in  the  change  of  energy  is  justified  for  nearly 
all  the  liquids;  that  is,  the  internal  energy,  after  decreasing  for  a 
while,  passes  through  a  minimum  (on  the  curves  a  maximum)  and 
from  here  increases  with  rising  pressiu'e.  TTie  necessary  existence  of 
this  maximum  could  of  course  have  been  predicted  from  the  curves 
for  the  heat  and  the  work  of  compression,  since  the  one  is  either 
linear  or  concave  upwards,  while 'the  other  is  concave  downwards. 

The  change  of  energy  is  markedly  different  for  the  different  liquids, 
whereas  the  other  thermodynamic  properties  are  similar.  Of  course 
the  reason  is  that  we  are  here  concerned  with  the  difference  of  two 
effects.  The  position  of  the  maximum  of  the  difference  of  two  func- 
tions is  very  sensitive  to  slight  changes  in  the  functions  themselves. 
Under  these  circumstances,  the  mere  existence  of  a  maximum  is  evi- 
dence of  similarity.  The  only  curves  which  do  not  show  the  maxi- 
mum are  methyl  and  propyl  alcohol.  It  will  be  remembered  that 
the  work  of  compression  curve  for  methyl  alcohol  had  a  reversed 
curvature  at  the  upper  end,  and  that  the  work  of  compression  of 
propyl  alcohol  was  abnormally  low. 

It  is  of  interest  to  plot  the  change  of  energy  against  volume,  because 
it  may  give  information  about  the  attractive  forces.  If  the  attractive 
forces  are  central  forces,  functions  only  of  the  distance  from  the 
centers  of  the  molecules,  then  the  potential  energy  of  the  attractive 
forces  will  be  a  function  of  the  volume.  Thus  if  the  attractive  forces 
are  proportional  to  the  inverse  fifth  power,  as  has  often  been  supposed, 
then  the  potential  energy  is  inversely  as  the  fourth  power  of  the 
distance  apart  of  the  molecules,  or  as  the  inverse  four  thirds  power 
of  the  volume.  This  relation  was  tried  for  four  of  the  twelve  liquids; 
for  amyl  alcohol,  ether,  phosphorus  trichloride,  and  ethyl  iodide. 
The  change  of  internal  energy  of  these  liquids  was  plotted  against 
F"^  The  diagram  was  the  same  in  character  as  the  diagram  plotting 
the  change  of  energy  against  F,  except  of  course  that  small  values  of 
F~*  correspond  to  large  values  of  F.  Now  if  the  change  of  internal 
energy  is  proportional  to  Fo~*-F"^,  this  curve  plotted  against 
F""*  should  be  linear.     The  curves  were  very  nearly  linear  in  the  in- 
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itial  Stages,  but  of  course  ultimatdy  diverged  greatly  from  linearity, 
passing  through  a  maximum.  If  the  straight  portion  of  the  curve  at 
the  origin  represents  a  region  in  which  the  inverse  four  thirds  power 
law  is  satisfied,  then  the  tangent  to  the  curve  at  the  origin  represents 
over  the  entire  range  of  the  experiment  what  the  change  of  energy 
would  have  been  if  the  four  thirds  law  had  held  throughout.  The 
difference  between  the  actual  curve  and  the  tangent  at  the  origin  is 
then,  according  to  the  above  view,  equal  to  the  energy  which  has 
been  stored  up  as  strain  inside  the  molecule.  This  difference  was 
determined  and  plotted  against  volume,  in  order  to  find  what  function 
of  the  volume  the  strain  energ>'  might  be.  For  these  four  liquids, 
it  turned  out  that  the  strain  energy  varies  over  the  entire  range  approx- 
imately as  the  cube  of  the  change  of  volume  reckoned  from  a  suitable 
origin.  The  greatest  discrepancy  is  for  ether  at  low  pressures.  For 
PClt  a  variation  of  only  0.01  in  the  arbitrary  zero  of  volume  from 
which  the  change  is  reckoned  would  wipe  out  the  disci  epancy;  for 
amyl  alcohol  a  variation  in  the  zero  of  0.005  would  give  perfect  agree- 
ment; for  ethyl  iodide  a  change  of  0.01,  and  for  ether  a  change  of 
0.04.  The  variation  for  ether  is  all  below  3000  kgm.;  above  this 
the  energy  of  strain  is  almost  exactly  proportional  to  the  cube  of  the 
change  of  volume,  taking  1.06  as  the  origin.  The  zero  of  volume  for 
phosphorus  trichloride  is  1.11,  for  amyl  alcohol  1.07,  and  for  ethyl 
iodide  1.045.  All  the  curves  showed  slight  consistent  variations  from 
the  cube  law;  at  low  pressures  the  strain  energy  varies  more  rapidly 
than  the  cube  and  less  rapidly  at  the  hi^  pressures. 

TTie  fact  that  the  internal  energy  of  strain  varies  as  the  cube  of 
the  change  of  volume  probably  does  not  have  very  much  significance 
in  showing  us  what  the  elastic  mechanism  of  the  molecule  is.  If  the 
entire  change  of  volume  of  the  liquid  were  due  to  change  of  volume 
of  the  molecules,  then  we  should  expect  the  strain  energy  to  vary  as 
the  square  of  the  change  of  volume,  provided  the  elastic  constants 
of  the  molecule  were  unaffected  by  pressure.  If,  as  is  likely,  the  mole- 
cule becomes  less  compressible  at  high  pressure,  then  the  strain 
«nerg>'  would  vary  less  rapidly  than  the  square.  But  the  strain 
energy  was  found  to  var>'  as  the  cube.  The  reason  for  this  is  probably 
that  at  low  pressures  strain  energy'  is  stored  up  in  only  a  few  of  the 
molecules;  those  molecules  which  are  describing  a  free  path  and  are 
not  in  contact  with  other  molecules  have  no  strain  energj'  of  com- 
pression. With  increasing  pressure  the  number  of  molecules  in  which 
strain  energy  is  stored  up  increases  rapidly,  and  the  strain  energy  of 
each  molecule  increases  at  the  same  time  as  the  square  of  the  strain. 
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SO  that  the  total  energy  of  strain  would  be  expected  to  increase  more 
rapidly  than  the  square  of  the  change  of  volume,  as  we  found  it  to. 
But  any  more  detailed  speculation  as  to  the  precise  way  in  which  the 
number  of  molecules  taking  part  in  the  strain,  and  the  way  in  which 
the  strain  energy  of  the  average  molecule  varies  with  the  total  pres- 
sure, would  probably  be  useless  because  the  argument  as  to  the 
attractive  forces  breaks  down  at  small  volumes.  It  is  probable  that 
the  molecules  are  not  really  homogeneous  spheres,  but  that  there  are 
localities  in  which  the  attractive  forces  are  more  or  less  concentrated. 
Therefore,  although  we  may  regard  the  attraction  exerted  by  the 
molecule  as  toward  its  center,  and  inversely  as  the  fifth  power  of  the 
distance  when  the  molecules  are  separated  by  wide  intervals,  we  can- 
not conceive  of  this  law  continuing  to  hold  when  the  molecules  are  so 
close  as  to  be  in  contact.  Under  these  circumstances  the  force  may 
increase  more  rapidly  than  as  the  inverse  fifth  power.  What  is 
more,  the  potential  energy  of  the  attractive  forces  will  not  under 
these  circumstances  be  a  function  of  the  volume  only,  that  is  of  the 
mean  distance  apart  of  the  centers  of  the  molecules,  but  will  abo 
vary  with  the  orientation.  We  saw  that  the  average  orderliness  of 
orientation  may  be  expected  to  vary  with  temperature,  being  on  the 
whole  more  haphazard  for  equal  volumes  at  the  high  temperatures. 
Even  with  this  picture  of  what  is  happening,  it  would  be  difficult  to 
say  whether  the  potential  energy  of  attraction  should  be  expected  to 
be  greater  at  the  higher  or  lower  temperatiu^.  We  have  seen  that 
the  lower  temperature  usually  means  a  greater  space  open  for  occu- 
pation, but  it  may  still  be  that  because  of  the  greater  approach  to 
order  at  the  low  temperatures  the  localities  of  intense  force  are  brought 
closer  together,  so  that  the  potential  of  the  attractive  forces  may  be 


The  main  conclusion  to  be  drawn  from  the  fact  that  the  strain  energy 
of  the  molecules  varies  as  the  cube  of  the  change  of  volume  is,  there- 
fore, that  at  low  pressures  the  greater  part  of  the  change  of  volume  is 
due  to  the  decrease  in  the  distance  apart  of  the  molecules,  but  that 
at  high  pressures  an  increasingly  large  part  of  the  change  of  volume 
is  occasioned  by  the  actual  change  of  volume  of  the  molecules  them- 
selves. 

It  is  interesting  that  the  initial  slopes  of  the  curves  of  change  of 
energy  against  volume  are  very  nearly  the  same  for  all  twelve  liquids. 
This  b  a  little  unusual.  Previously  we  have  found  the  twelve  liquids 
to  become  similar  at  high  pressure,  but  in  respect  to  the  change  of 
energy  they  appear  to  be  more  alike  at  low  pressures. 
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Speeiflc  Heat  at  Constant  Pressure.— The  specific  heat  at 
constant  pressure  i«  shown  on  Folder  VI;  the  cur\'es  for  the  twelve 
liquids  at  four  temperatures  in  Figures  87  to  98,  and  the  collection 
of  the  average  results  in  Figure  99.  The  quantity  listed  as  change 
of  Cp  \n  the  specific  heat  at  atmospheric  pressure  minus  the  specific 
h**at  at  the  pressure  in  question.  A  positive  change  means,  there- 
fore, that  the  specific  heat  is  less  at  the  pressure  in  question  than 
at  atmmpheric  pressure.  In  order  not  to  confuse  the  ciu-ves,  the 
origin  UfT  each  temperature  has  l)een  displaced  with  respect  to  the 
neighkiring  curves.  The  scale  of  the  drawing  is  shown  at  the  right 
hand  side. 

The  twelve  liquids  show  a  bewildering  variety,  so  bewildering  that 
sfK?rulation  as  to  the  cause  of  all  the  variations  b  hopeless.  It  is  to 
l>e  p<iint**^l  out  nevertheless,  that  such  great  variety  is  to  be  expected 
if  the  molwrules  take  up  different  positions  more  or  less  symmetrical 
in  arrangimnent  with  increasing  pressure.  The  process  is  similar  in 
many  ways  Uj  a  prrxress  rrf  association,  which  is  accompanied  by  much 
great^-r  changr*s  in  the  «j>ecific  heats  than  in  the  volume,  or  compres- 
sibility, or  dilatation.  Tlie  curves  show  some  points  of  similarity, 
however.  It  is  an  almr^t  universal  rule  that  the  initial  change  of 
Cp  at  any  t#*rfif>erature  is  a  decrease.  For  the  majority  of  liquids 
the  sfK'cific  heat  on  the  whole  decreases  at  the  high  temperature  and 
increases  or  iUnm  Wft  increase  so  much  at  the  low  temperatures.  We 
have  Hi'tf}  that  as  a  rule  the  specific  heat  at  atmospheric  pressure  is 
higher  at  the  highcrr  trTnp<Taturc*s.  For  some  liquids  the  tempera- 
ture effrf-r-t  rnay  l^e  v^ry  marked.  The  change  under  pressure  is  in 
sueh  a  direz-f  ion  an  io  Imng  the*  sfKfcific  heats  at  high  pressures  more 
nearly  to  equality  for  all  the  tefnfK^ratures.  The  three  halogen  com- 
fK>unds  are  an  i-xtfi/iUm  to  the  rule,  however.  The  very  large  in- 
rreane  trf  Cp  fm  Hhyl  ehh/ride  at  H(f  is  very  much  like  that  already 
found  in  the  eav  (ft  WHit-r,  U  may  mean  an  abnormally  high  rate 
of  diiVM'iatimi  at  the  higher  pn-iHures.  The  four  normal  alcohols 
show  Himilaritiei  in  the  abn/zmmlly  large  deen^ase  of  Cp  at  80°.  The 
(\t*rn*U'>**  evi/lenlly  mttiUfi  vo  on  indefinitely.  For  methyl  and  ethyl 
aleohol,  the  tttHxiittutn  pre -Mire  i:^  •sufficient  to  change  the  decrease 
into  an  inereiiv*,  M4  it  niUHt  eventually,  but  for  propyl  and  amyl 
aleohoU,  the  rever^.ttl  in  dire/iion  nnjMt  be  at  higher  pressures  than 
reaehed  here.     It  ^j'^tnn  to  be  «t  hand  for  propyl  alcohol. 

'Jliere  m  one  ^/4^ry  nm^U  eh/'ek  whieh  may  be  applied  to  the  values 
given  here  for  tfj/'  ^perifj/-  fw-at*;  namely,  in  no  case  must  the  specific 
heat  deereH*M'  by  nu  Muhuui  tuort*  than  its  original  value,  for  a  nega- 
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tive  specific  heat  is  impossible.  The  only  case  where  thid /Condition 
comes  anywhere  near  making  trouble  is  for  amyl  alcohol.  'Jlj^ -curve 
for  80°  shows  a  decrease  of  Cp  of  21  kgm.  cm.  The  data  for  atmos- 
pheric pressure  are  discordant,  but  25  kgm.  cm.  seems  to  be  a  fair  aver- 
age value  at  80°.  This  would  mean  that  the  specific  heat  at  80°  anci 
12000  kgm.  is  only  4  kgm.  cm.,  about  one  sixUi  its  initial  value,  it 
is  evident  that  the  reversal  in  the  effect  must  come  speedily. 

Figure  99  for  the  average  change  of  Cp  over  the  entire  temperature 
range  for  the  twelve  liquids  shows  much  less  variation  from  liquid 
to  liquid  than  one  might  expect  from  the  irregular  variations  at  the 
different  temperatures.  The  curves  in  general  all  show  the  same 
characteristics;  at  first  a  decrease  of  specific  heat  and  then  an  increase 
at  higher  pressures.  The  first  minimum  has  already  been  commented 
on  in  another  connection.  Beyond  this  minimum  in  Cp  (maximum 
on  the  curves)  there  is  in  general  a  continuous  increase  with  rising 
pressure,  although  there  are  several  cases  where  Cp  decreases  again 
slightly  at  the  highest  pressures.  The  three  halogen  compounds  are 
exceptional  (and  also  acetone)  for  the  rather  large  increase  of  Cp  with 
rising  pressure.  The  increase  is  greater  for  the  heavier  members  of 
the  series. 

The  data  of  the  previous  paper  on  water  show  the  same  behavior, 
a  minimum  in  Cp  for  all  temperatures  (except  at  0°  where  the  curve 
is  broken  off  by  the  freezing)  and  then  an  increase  with  still  further 
increasing  pressure.  The  pressure  for  the  minimum  is  higher  than 
for  these  twelve  Uquids  because  of  the  abnormal  behavior  of  water 
at  low  pressures. 

So  far  as  is  known  to  the  author,  these  are  tlie  only  measurements 
from  which  an  attempt  has  been  made  to  find  the  specific  heat  at 
high  pressures.  The  probable  behavior  of  the  specific  heats  does  not 
seem  to  have  been  suspected.  Thus  Tmnlirz  deduces  from  his  em- 
pirical equation  for  liquids  that  both  the  specific  heats  decrease  with 
rising  pressure.  For  water,  Tumlirz  finds  the  limiting  value  of  Cp 
for  infinite  pressure  to  be  about  0.5  gm.  cal.  He  does  not  compute 
it  for  the  other  liquids.  We  see  from  the  above  that  we  are  to  expect 
for  all  liquids  an  ultimate  increase  instead  of  a  decrease  with  rising 
pressure. 

Specific  Heat  at  Constant  Volume.  —  The  specific  heat 
at  constant  volume  is  shown  in  Folder  VII,  the  curves  of  the  dif- 
ferent liquids  at  different  temperatures  in  Figures  100  to  111,  and 
the  collected  averages  for  all  the  liquids  in  Figure  112.  The  treat- 
ment of  these  curves  is  the  same  as  for  Cp. 
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The  cufytware  the  same  in  general  character  as  those  for  C^     The 

differ^h^  consist  in  displacements  of  the  pressures  of  maximum  or 

raimimuin,  or  occasionally  in  the  suppression  of  small  irregularities; 

buf  the  larger  features  are  the  same.    The  curves  for  the  four  normal 

^  .•'•.ek^hob  retain  the  same  resemblances  as  before,  and  isobutyl  alcohol 

;.  /. 'iJ  as  strikingly  not  a  member  of  the  series.    Isobutyl  alcohol  and  ether 

. .  '•    show  general  resemblances  as  to  the  specific  heat,  which  may,  however, 

Ije  accidental.    The  halogens  are  also  different  from  the  other  liquids 

with  respect  to  C^ 

Tlie  importance  of  tabulating  C,  is  that  it  is  a  quantity  of  much 
greater  simplicity  than  Cp.  When  we  determine  Cp  by  heating  the 
liquid  at  constant  pressure,  the  liquid  expands  with  rising  tempera- 
ture, and  in  so  doing  performs  work  against  both  the  external  pressure 
and  the  internal  attractive  forces.  Cp  is  greater  than  C,  by  this 
work  against  external  and  internal  forces.  Consequently,  it  is 
usual  to  tacitly  assume  that  C,  contains  only  the  work  necessary  to 
raise  the  temperature  energy  of  the  molecules.  Evidently  the  assump- 
tion is  merely  another  way  of  stating  the  assumption  that  the  poten- 
tial energy  of  the  attractive  forces  is  a  fimction  of  the  volume  only. 
Furthermore,  it  is  usually  assumed  in  discussions  of  the  significance 
of  C,  that  a  given  increase  of  temperature  corresponds  to  a  given 
increase  of  kinetic  energy  of  the  molecule,  no  matter  what  the  pressure 
of  the  liquid.  It  is  true  that  when  the  kinetic  energy  of  the  molecule 
is  to  be  raised,  more  total  energy  must  be  imparted  to  the  molecule 
than  just  sufficient  to  increase  the  kinetic  energy  by  this  amount, 
because  of  the  law  of  the  equipartition  of  energy  among  the  various 
degrees  of  freedom,  but  if  the  degrees  of  freedom  remain  unaltered, 
we  still  have  the  result  that  to  increase  the  temperature  by  a  given 
amoimt  requires  the  same  amount  of  work  independent  of  the  volume. 
The  consequence  of  the  hypothesis  would  be  that  the  specific  heat  at 
constant  volume  is  independent  of  pressure  and  temperature. 

Figure  112  for  the  average  C,  of  the  twelve  liquids,  shows  that  even 
on  the  average  C,  cannot  be  independent  of  pressure,  and  the  preced- 
ing diagrams  for  the  separate  liquid  show  that  it  certainly  cannot  be 
independent  of  temperature.  In  general  the  behavior  of  C,  seems 
to  be  at  first  a  decrease,  and  then  with  increasing  pressing  an  increase 
again.  Probably  the  reason  is  that  neither  of  the  simple  hypotheses 
which  we  discussed  above  are  valid  for  high  pressiu^es.  We  have 
seen  that  at  high  pressures  we  may  expect  the  molecules  to  approach 
positions  of  more  or  less  regularity  of  arrangement,  and  Uiat  the 
regularity  is  greater  at  the  low  temperatures.    Now  according  to  the 
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particular  arrangement  which  the  molecules  adopt,  and  the  relation 
of  the  local  centers  of  force  to  this  arrangement,  it  is  conceivable  that 
the  potential  of  the  attractive  forces  should  be  either  greater  or  less 
at  the  lower  temperatures  and  equal  volumes.  The  likelihood  is, 
however,  that  the  potential  will  usually  be  less  at  the  lower  tempera- 
tures. Similarly,  it  is  usually  more  likely  that  the  potential  of  the 
attractive  forces  should  be  less  at  the  higher  pressures.  As  a  rule,  then, 
an  increase  of  temperature  of  one  degree  at  a  higher  pressure  or  a 
lower  temperature  must  provide  the  energy  to  do  more  work  against 
the  attractive  forces,  so  that  the  specific  heat  at  constant  volume 
will  be  greater  at  higher  pressure  and  lower  temperature.  But  in 
those  more  infrequent  cases  where  the  potential  energy  of  position 
is  less  at  the  higher  temperature  or  lower  pressing,  the  specific  heat 
will  be  less  at  higher  pressures  and  lower  temperatures.  It  is  as  a 
rule  true,  as  we  have  seen  from  the  curves,  that  C,  does  become 
greater  at  the  higher  pressures  and  lower  temperatures. 

The  considerations  just  discussed  are  somewhat  similar  to  consider- 
ations regarding  the  association  of  the  molecules,  but  do  not  in  all 
cases  lead  to  the  same  results.  For  instance,  if  we  suppose  a  liquid 
of  single  molecules  to  associate  to  one  of  double  molecules,  the  specific 
heat  of  the  associated  liquid  would  be  one  half  that  of  the  simple  one, 
if  we  neglect  the  effect  of  the  altered  number  of  internal  degrees  of 
freedom. 

The  second  hypothesis  made  above,  that  a  given  increase  of  temper- 
ature always  corresponds  to  the  same  increase  of  molecular  energy, 
probably  breaks  down  also  at  high  pressures.  The  difficulty  of  de- 
termining what  happens  in  this  case  is  increased  by  uncertainty  as  to 
what  the  definition  of  temperature  shall  be  at  high  pressures.  We 
may  perhaps,  however,  think  of  temperature  at  low  pressures  as  being 
roughly  proportional  to  the  average  translational  energy  of  the 
molecule  during  its  free  flight.  Now  we  have  seen  that  as  pressure 
increases,  the  time  of  free  flight  decreases  rapidly,  and  an  increasing 
fraction  of  the  time  is  spent  in  coUision.  During  collision  the  kinetic 
energy  of  translation  has  become  potential  within  the  molecule.  The 
result  is  that  as  pressure  increases,  the  potential  strain  energy  of  the 
molecules  becomes  a  greater  part  of  the  total  energy,  leaving  a  smaller 
residue  to  become  kinetic.  Now  if  temperature  corresponds  to 
translational  kinetic  energy,  it  is  evident  that  at  high  pressures  more 
total  energy  must  be  imparted  to  the  substance  to  increase  the  trans- 
lational energy  a  given  amount,  or  in  other  words,  the  specific  heat 
will*  increase  with  increasing  pressure. 
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The  initial  decrease  of  C,  may  very  possibly  be  an  association  effect. 
A  word  should  be  said  about  this  association  effect.  The  reason  that 
an  association  from  single  to  double  molecules,  for  example,  reduces 
the  specific  heat  to  one  half,  neglecting  the  effect  of  the  internal 
degrees  of  freedom,  is  that  a  rise  of  temperature  of  one  degree  corre- 
sponds to  a  definite  increase  in  the  kinetic  energy  of  each  molecule, 
and  when  there  are  half  as  many  molecules,  half  the  additional  energy 
b  needed  to  increase  the  energy  by  an  amount  corresponding  to  one 
degree.  This  means  that  association  has  an  effect  on  specific  heat  as 
long  as  temperature  remains  a  molecular  affair.  This  is  true  for  a 
gas.  But  the  law  of  atomic  heats  for  solids  suggests  very  strongly 
that  in  solids  temperature  is  no  longer  an  affair  of  the  molecule,  but 
has  become  a  matter  of  the  atom.  We  naturally  expect  somewhere 
a  transition  from  the  one  state  to  the  other,  and  the  liquid  is  the 
natural  place  to  look  for  it.  That  is,  if  a  liquid  temperature  is  on 
its  way  from  being  an  affair  of  the  molecule  to  becoming  an  affair  of 
the  atom.  It  is  not  likely,  therefore,  that  the  existence  of  large  mole- 
cular complexes  in  a  liquid,  as  in  the  case  of  association,  will  modify 
very  much  the  behavior  with  respect  to  temperatiu^,  and  in  particular 
to  the  specific  heats.  Such  effect  as  there  is  should  be  looked  for  at 
low  pressures. 

A  word  should  be  said  about  the  curves  for  the  average  of  C^  and  C, 
over  the  entire  temperature  range.  The  average  Cp  is  the  total  heat 
absorbed  at  constant  pressure  between  20°  and  80°  divided  by  60. 
C,  is  the  average  of  the  four  values  at  20°,  40°,  60°,  and  80°.  These 
two  averages  are  not  always  equivalent  when  there  are  large  varia- 
tions with  temperature,  but  they  are  always  approximately  equal. 
In  cases  of  question,  the  average  Cp  corresponding  to  C,  may  be  found 
from  the  curves  for  Cp  at  the  four  temperatures.  To  find  the  average 
C,  corresponding  to  the  average  Cp  would  involve  a  more  complicated 
procedure. 

General  Discussion  op  the  Bearing  of  the  Results  on  a 
Theory  of  Liquids  for  High  Pressures. 

It  is  proposed  to  discuss  here  the  nature  of  the  problems  which 
confront  one  at  high  pressures.  No  attempt  is  to  be  made  to  develop 
K  new  theory,  but  merely  to  indicate  some  of  the  directions  in  which 
the  data  of  this  paper  suggest  modifications  of  conceptions  which 
have  hitherto  worked  at  low  pressures. 

Perhaps  the  most  far  reaching  modification  is  in  regard  to  our 
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idea  of  the  kinetic  origin  of  pressure.     We  suppose  that  the  pressure 
of  a  gas,  for  instance,  is  produced  by  the  impact  of  the  molecules 
against  the  walls  of  the  vessel ;  and  we  compute  the  magnitude  of  the 
pressure  from  the  total  change  in  one  second  of  the  momentum  of 
the  molecules  striking  on  unit  area  of  the  wall.    The  velocity  with 
which  the  molecules  strike  the  walls  decreases  with  falling  tempera- 
ture and  vanishes  at  the  absolute  zero.     The  pressure  exerted  by  a 
liquid  also  is  thought  of  in  most  attempts  at  a  theory  of  liquids  as 
exerted  by  the  same  mechanism  and  is  computed  in  the  same  way. 
But  it  is  entirely  obvious  that  the  molecules  may  exert  pressure  on 
the  walls  in  another  way.     It  is  inconceivable  that  at  the  absolute  zero 
a  substance  should  not  resist  an  attempt  to  compress  it;  yet  at  this 
temperature  there  can  be  no  kinetic  effect  exerted  by  the  molecules 
as  a  whole.     Under  these  conditions  the  molecules  transmit  pressure  in 
the  same  way  that  a  compressed  spring  does;  that  is,  they  behave 
like  elastic  solids.     It  does  not  concern  us  here  to  inquire  what  the 
ultimate  origin  of  this  elasticity  is;  it  may  be  kinetic  within  the  atom. 
The  point  is  simply  this;  from  our  point  of  view,  which  regards  the 
molecule  as  a  whole,  we  must  recognize  two  possible  functions  or 
modes  of  action;  the  molecule  may  behave  like  a  moving  centre  of 
mass  with  kinetic  energy  and  momentum,  or  it  may  behave  like  an 
elastic  solid.    The  molecule  may  exert  pressure  in  virtue  of  either  one  of 
these  two  modes  of  action.    Under  ordinary  conditions  the  momentum 
effect  of  its  motion  as  a  whole  is  almost  the  entire  effect.     But  if  we 
examine  the  mathematical  analysis  which  justifies  us  in  putting  the 
pressure  equal  to  the  total  change  of  momentum  in  unit  time,  we 
shall  find  that  we  made  certain  simplifying  assumptions.    We  assmned 
that  each  collision  with  the  wall  is  unimpeded;  that  is,  the  molecule 
approaches  the  wall  during  free  flight,  has  a  single  encounter  and 
makes  a  clean  get-away.    And  this  assumption  was  necessary;  as  soon 
as  the  molecule  is  interfered  with  during  its  collision,  as  it  may  be 
by  a  collision  from  another  molecule  from  behind,  the  simple  change  of 
momentum  relation  ceases  to  give  the  pressure,  and  we  must  treat 
our  molecule  during  collision  as  an  elastic  solid.    Now  it  is  evident 
that  as  the  volume  becomes  less,  that  is,  as  the  pressure  increases,  the 
total  mmtiber  of  collisions  with  interference  will  increase,  and  our 
kinetic  conception  of  pressure  becomes  less  and  less  useful. 

A  very  simple  model,  which  may  or  may  not  correspond  to  the 
physical  facts,  is  instructive  in  showing  how  under  different  condi- 
tions we  may  compute  the  pressure  from  the  momentum  effect  alone, 
or  must  consider  also  the  elasticity  effects.    The  substance  we  are 
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to  consider  consists  of  a  single  molecule.  The  molecule  consists  of 
a  heavy  particle  of  mass  m,  with  two  weightless  springs  projecting 
on  either  side  of  length  1^,  giving  a  total  diameter  of  the  molecule  of 
2Jo.  (Figure  113.)  This  molecule  travels  back  and  forth  in  a  hori- 
zontal line  between  the  two  opposite  vertical  walls  of  the  enclosure. 

The  distance  apart  of  the  walls  is  the 
volume  of  the  enclosure,  the  force 
exerted  by  the  springs  on  the  walls^ 
during  an  encounter  gives  the  pres- 
sure exerted  by  the  substance,  and 
the  kinetic  energy  of  the  particle  at 
its  maximum  velocity  represents 
Figure  113.  Model  of  a  sub-  temperature, 
stance  consisting  of  one  molecule.  mt.*  j  i  •  •       i    xi.  x  -li. 

The  model  is  to  show  that  at  high  V^  ™odei  is  so  sunple  that  the 

compressions  the  pressure  is  not  entire  discussion  may  be  carried 
given  by  the  change  of  momentum  through  with  rigorous  mathematical 
of  the  molecules  stnkmg  the  walls  ,     .        rwrt  _u.  j 

of  the  vessel  in  unit  time.  analysis.     Ihe  pressure  exerted  on 

the  walls  is  evidently  to  be  found 
by  taking  the  time  average  (over  a  long  interval  of  time)  of  the  force 
exerted  on  the  walls  by  the  springs  during  the  encounters.  Now  in 
the  solution  of  this  problem  there  are  three  different  cases. 

I.  The  first  case  is  when  the  distance  apart  of  the  walls  of  the 
vessel  is  greater  than  21^,  the  diameter  of  the  molecule.  Under  these 
conditions  we  have  collision  without  interference,  which  are  the  only 
conditions  to  which  the  usual  analysis  applies.  In  this  case  it  may  be 
proved  by  a  detailed  mathematical  solution  which  will  not  be  given 
here  that  the  time  average  of  the  force  is  exactly  equal  to  the  change 
of  momentum  in  unit  time  with  respect  to  one  of  the  walls,  as  it 
should  be.  The  results  of  the  mathematical  analysis  for  this  case 
may  be  given  in  the  form  of  a  distinctive  equation  of  the  substance, 

p  [(t,  _  6)  +  a  P]  =  2  r. 

Here  P  is  pressure,  t  =  volume  (distance  apart  of  walls),  6  =  diameter 

2 
of  molecule  (2Jo),  a  =  ir^  j.,  where  k  is  elasticity  of  the  springs,  and 

T  »  absolute  temperature  (kinetic  energy  of  particle).  The  equation 
bears  a  resemblance  to  van  der  Waal 's  equation  without  the  attrac- 
tive forces.  In  van  der  Waal's  equation  a  =  0,  oric  =  oo ,  which 
means  that  the  time  of  collision  of  the  particles  with  the  wall  may  be 
neglected  in  comparison  with  the  time  of  free  flight. 

II.  The  distance  apart  of  the  walls  is  less  than  2Zo,  the  diameter  of 
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the  molecule,  and  the  kinetic  energy  of  agitation  is  so  small  that  at 
no  time  is  the  molecule  out  of  contact  with  both  walls  simultaneously. 
The  detailed  mathematical  solution  shows  that  under  these  condi- 
tions the  momentum  effect  has  no  influence  whatever,  and  the  pres- 
sure is  determined  simply  by  the  relative  magnitude  of  the  volume 
and  the  unstressed  diameter  of  the  molecule.  Under  these  conditions 
we  obtain  as  the  characteristic  equation 

It  is  remarkable  that  the  temperature  has  disappeared  from  the 
characteristic  equation,  or,  in  other  words,  the  thermal  dilatation 
is  zero.  The  substance  still  remains  compressible,  however.  Some- 
thing like  this  was  expected  for  the  liquids  of  these  experiments;  that 
is,  it  was  expected  that  the  dilatation  would  tend  to  vanish  more 
rapidly  then  the  compressibility. 

III.  Case  II  passes  into  this  case  when  the  violence  of  the  tem- 
perature vibration  becomes  so  great  that  during  part  of  the  vibration 
the  molecule  is  in  contact  with  only  one  wall.    The  critical  tempera- 

ture  at  which  this  occurs  is  when  T  =  fc  [  —  j .    The  mathematical 

analysis  is  more  complicated  for  this  case,  because  the  motion  must  be 
split  up  into  two  stages,  during  which  the  restoring  forces  are  different 
functions  of  the  displacement.  But  just  as  in  Case  II,  the  change  of 
momentum  of  the  molecule  in  imit  time  does  not  give  the  mean  pres- 
sure exerted  on  the  wall.  The  complete  equation  of  state  for  Case 
III  is  complicated,  involving  antisines,  so  that  it  is  hardly  worth 
giving.  It  reduces  to  one  or  the  other  of  the  other  two  cases,  how- 
ever, under  proper  critical  conditions.  In  this  case,  the  pressure 
computed  by  the  change  of  momentum  is  too  low,  as  we  should  expect 
it  would  be,  because  we  have  neglected  an  elasticity  term  which 
modifies  conditions  when  the  molecule  is  in  contact  with  both  walls. 
The  sequence  of  events  when  we  compress  a  substance  at  a  given 
temperature  from  a  large  volume  is  first  Case  I,  then  Case  III,  when 
tj  =  6,  and  then  Case  II,  when  the  volume  has  been  still  further  re- 
duced by  an  amoimt  depending  on  the  temperature.  Case  I  passes 
smoothly  into  Case  III  without  discontinuity  in  either  compressibility 
or  dilatation.  The  difference  between  Cases  I  and  III  is  that  a  higher 
pressure  corresponds  to  a  given  volume  in  Case  III  than  we  should 
expect  from  the  formula  of  Case  I.  The  pressure  at  a  given  volume 
in  Cases  I  and  III  depends  on  temperature,  but  in  Case  II,  the  rela- 
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tion  between  volume  and  pressure  is  the  same  for  every  temperature. 
The  only  way  in  which  temperature  has  an  effect  in  Case  II  is  with 
regard  to  the  critical  temperature  which  determines  when  Case  II 
passes  into  Case  III.  The  pressure  for  a  given  volume  in  Case  III 
ultimately  becomes  less  than  we  would  have  expected  it  to  be  if  we 
extrapolated  by  the  formula  of  Case  I.  In  other  words,  the  substance 
is  more  compressible  than  we  should  expect  it  to  be  from  its  behavior 
at  low  pressiu*es.  This  reminds  us  of  the  formulas  of  Xumlirz  and 
Tammann.  It  should  be  said  however,  that  the  mathematical  analy- 
sis applied  to  Case  III  cannot  continue  to  have  physical  significance 
indefinitely,  for  it  was  assumed  that  the  springs  obey  Hooke's  law, 
which  is  true  only  for  small  displacements.  The  characteristic  equa- 
tion given  above  for  Case  III  predicts  the  vanishing  of  the  volume 
at  a  finite  pressure. 

Something  similar  to  the  action  of  the  model  must  take  place  in  a 
liquid.  At  any  instant  there  are  collisions  taking  place,  some  free 
collisions  similar  to  those  of  Case  I,  some  colUsions  with  interference 
like  Case  III,  and  some  contacts  between  molecules  like  Case  II, 
which  are  not  properly  called  collisions  at  all.  The  momentum  com- 
putation of  pressure  applies  only  to  Case  I.  At  low  pressures,  by 
far  the  greater  number  of  collisions  is  of  type  I,  but  as  the  volume 
decreases  and  pressure  increases,  collisions  of  type  II  and  III  become 
increasingly  predominant,  until  at  infinite  pressure  we  may  suppose 
type  II  only  to  be  present.  Under  these  conditions,  the  momentum 
dfect  has  absolutely  no  connection  with  pressure. 

The  ordinary  conception  of  internal  pressure  must  obviously  be 
modified  in  a  similar  way.  There  are  many  different  meanings  at- 
tached to  "  internal  pressure."  One  way  of  defining  internal  pressure 
is  by  constructing  an  imaginary  surface  in  the  interior  of  a  liquid, 
and  finding  the  momentum  of  all  the  molecules  which  cross  this 
surface  in  unit  time.  This  process  evidently  fails  to  have  physical 
meaning  when  there  are  molecules  in  the  liquid  in  contact  with  each 
other  for  any  length  of  time.  The  modification  of  the  definition 
necessary  to  meet  these  new  conditions  would  be  very  complicated. 
It  seems  better  under  the  circimistances  to  give  up  this  conception  of 
internal  pressure  altogether.  Other  conceptions  may  still  be  useful 
at  high  pressures;  such,  for  example,  as  to  regard  the  internal  pressure 
as  the  external  pressure  plus  the  unbalanced  attractive  effect  of  the 
molecules  at  the  surface  of  the  liquid.  But  it  Ls  a  difficult  matter  to 
define  internal  pressure  in  such  a  way  as  to  have  a  physical  meaning 
for  one  of  Maxwell's  demons  inhabiting  the  interior  of  a  liquid. 
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Accordingly,  in  the  previous  discussion  no  use  has  been  made  of  this 
"internal  pressure." 

The  usual  kinetic  conception  of  temperature  must  undergo  modifi- 
cation at  high  pressures  just  as  our  kinetic  conceptions  of  pressure. 
We  think  of  the  temperature  of  a  gas  as  proportional  to  the  average 
kinetic  energy  of  translation  of  its  molecules,  the  translational  energy 
being  the  energy  of  the  center  of  mass  during  free  flight.  Now  it  is 
inconceivable  that  at  infinite  pressure  there  should  be  any  free  flight, 
that  is,  there  can  be  no  kinetic  energy  of  the  molecule  as  a  whole, 
but  it  is  also  inconceivable  that  at  infinite  pressures  a  substance 
should  not  possess  temperature  and  be  capable  of  temperatiu'e  equi- 
librium with  surrounding  objects.  Our  model  of  the  molecule  may 
be  helpful  to  us  again.  When  the  volume  decreases  beyond  a  certain 
limit,  we  saw  that  the  boundaries  of  the  molecule  become  fixed  in 
position,  and  that  the  temperature  is  represented  by  the  energy  of 
internal  agitation.  This  suggests  that  temperature  changes  in 
character  from  an  affair  of  the  molecule  as  a  whole  at  low  pressures 
to  an  affair  of  agitation  within  the  molecule  at  high  pressures.  The 
behavior  of  the  specific  heats  of  gases  and  solids  also  strongly  suggests 
the  same  thing.  We  compute  the  specific  heat  at  constant  volume 
of  a  gas  by  supposing  that  the  kinetic  energy  of  translation  of  each 
molecule  must  be  increased  by  a  fixed  amount  to  produce  a  rise  of 
temperature  of  one  degree.  But  for  most  solid  elements  the  law  of 
Dulong  and  Petit  holds,  which  is  equivalent  to  the  statement  that  to 
increase  the  temperature  of  a  solid  by  one  degree  we  must  increase 
the  energy  of  each  atom  by  a  fixed  amount.  Now  a  microscopic 
analysis  of  a  solid  like  iron  discloses  a  crystalline  structure  of  great 
complexity;  we  find  it  hard  to  think  that  there  are  not  groups  of 
associated  molecules  and  that  the  molecules  are  monatomic.  It 
appears,  then,  that  temperature  has  become  connected  somehow  with 
what  is  going  on  in  the  atom.  It  view  of  this  it  would  seem  that 
another  conception  of  temperature  is  desirable.  It  must  be  such  a 
conception  as  not  to  be  at  variance  with  what  we  suppose  to  happen 
in  a  gas  or  a  solid. 

The  material  for  such  a  conception  is  at  land.  It  is  a  property 
common  to  the  temperature  energy  of  a  gas  molecule  and  to  the 
internal  energy  of  our  suppositious  molecule,  that  it  is  constantly 
in  a  state  of  flux,  changing  during  collision  from  kinetic  to  potential 
and  back  to  kinetic  again.  A  natural  generalization,  then,  is  as 
follows :  Temperature  is  proportional  to  that  part  of  the  energy  associ- 
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ated  with  a  representative  molecule  which  undergoes  periodic  changes 
from  kinetic  to  potential  and  back  to  kinetic.  In  complicated  cases 
where  the  transformation  from  kinetic  to  potential  does  not  take 
place  simultaneously  in  all  parts  of  the  atom,  an  equivalent  generali- 
zation is:  Temperature  is  the  difference  between  the  maximum  and 
minimum  potential  energy  of  a  representative  molecule.  This  evi- 
dently applies  to  both  the  extreme  cases  above;  the  one  for  which 
temperature  is  proportional  to  kinetic  translational  energy,  and  the 
one  for  which  it  b  proportional  to  internal  energy.  In  one  respect 
these  two  extreme  cases  are  not  entirely  unlike;  in  accordance  with 
the  law  of  equipartition,  only  a  certain  proportion  of  the  total  energy 
communicated  to  a  molecule  of  a  gas  becomes  kinetic;  the  rest  goes 
to  the  internal  degrees  of  freedom.  So  that  an  increase  of  tempera- 
ture always  carried  with  it  an  increase  of  the  internal  energy  of  the 
molecule.  Whether  this  internal  energy  also  oscillates  in  character 
between  kinetic  and  potential  is  not  obvious. 

Of  course  the  justification  of  this  proposed  general  definition  of 
temperature  must  be  furnished  by  experiment.  It  does  have  the 
advantage,  however,  of  being  applicable  at  high  pressures  where  the 
ordinary  definition  breaks  down  completely,  and  it  does  agree  with 
our  physical  feeling  of  what  temperature  must  be  in  the  case  of  one 
very  simple  model  of  a  substance  under  high  pressure. 

The  effect  of  this  conception  of  temperature  on  our  conception  of 
the  equipartition  of  energy  between  the  different  degrees  of  freedom 
is  interesting.  At  high  pressures,  where  the  molecules  press  on  each 
other  from  all  sides,  one  degree  of  freedom  has  been  lost  (or  more 
properly  three)  namely,  the  possibility  of  motion  of  the  molecule  as  a 
whole.  We  may  suppose,  if  we  like,  that  under  these  circumstances 
the  total  energy  is  equally  divided  between  the  remaining  degrees  of 
freedom.  Now  at  any  instant  in  a  liquid,  there  are  molecules  with 
varying  degrees  of  freedom,  according  to  the  kind  of  collision  in  which 
they  are  entangled.  Furthermore,  the  same  molecule  at  different 
stages  of  its  career  may  enjoy  a  different  number  of  degrees  of  freedom. 
When  the  degrees  of  freedom  change,  there  must  follow  a  redistribu- 
tion of  the  total  energy  among  the  remaining  degrees  of  freedom,  and 
this  process  takes  time.  The  result  is  that  we  cannot  ascribe  to  the 
average  molecule  of  the  substance  any  definite  number  of  degrees  of 
freedom.  The  number  cannot  be  an  integer  in  the  first  place,  and  in 
the  second  place  must  vary  continuously  as  pressure  varies. 

The  idea  that  the  temperature  of  a  substance  need  not  be  propor- 
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iional  to  the  kinetic  energy  of  translaticm  of  the  molecules  is  not  new. 
For  instance,  there  is  a  recent  paper  by  Brillouin,^®  in  which  he  dis- 
<:usses  at  length  the  possible  necessity  of  a  change  in  the  usual  defini- 
nition  of  temperature  as  the  volume  changes. 

One  other  very  import&nt  consideration  which  we  shall  probably 
be  obliged  to  introduce  into  a  theory  valid  for  high  pressures  has 
already  been  mentioned  several  times  in  the  discussion  of  the  various 
thermodynamic  properties.  It  is  this;  in  gases  we  think  of  the 
molecules  as  perfect  spheres,  but  at  high  pressures  we  shall  undoubt- 
edly have  to  recognize  that  they  possess  more  complicated  shapes. 
It  is  inconceivable  that  a  molecule  should  not  have  a  characteristic 
shape;  we  cannot  well  imagine  the  possibility  of  so  fitting  together 
the  atoms  of  a  complicated  organic  compound  as  not  to  produce  some 
irregularities  in  the  molecule.  Shape  becomes  increasingly  important 
4it  high  pressures  where  the  molecules  are  forced  together  and  con- 
strained to  adapt  themselves  as  best  they  can  to  each  others  irregu- 
larities. Beside  the  possibility  of  shape,  there  is  the  possibility  that 
there  are  local  centers  of  force  in  the  molecule;  that  we  cannot  regard 
the  molecule  as  a  homogeneous  sphere  exerting  a  force  towards  its  own 
center,  but  that  when  we  approach  too  close  to  the  molecule,  there  are 
individualized  centers  of  force  that  begin  to  act  of  their  own  account. 
This  again,  seems  by  no  means  a  forced  conception. 

Along  with  the  idea  of  molecules  with  shape  goes  the  conception 
that  at  high  pressures  these  shapes  must  be  forced  to  more  or  less 
^apt  themselves  to  each  other;  in  other  words,  the  molecules  must 
begin  to  show  traces  of  regular  arrangement.  The  regularity  is  by 
no  means  the  thorough  going  regularity  of  a  crystal  in  which  the 
molecules  are  permanently  moored  to  certain  mean  positions:  the 
molecules  of  the  liquid  still  circulate  about  among  each  other,  but  as 
they  slide  past  each  other  there  may  be  a  growing  tendency  at  higher 
pressures  to  point  the  long  axes  in  the  direction  of  relative  motion, 
for  example.  Just  as  at  a  crowded  ball  room,  there  is  a  tendency  for 
the  throng  of  young  men  making  their  way  to  and  from  the  refreshment 
room  to  hold  their  plates  out  from  them  in  the  direction  of  motion. 
This  increasing  order  of  arrangement  seems  not  only  natural,  but 
inevitable  at  high  pressures.  It  may  ultimately  terminate  in  crystal- 
lization. We  should  expect  furthermore,  at  equal  volumes,  there 
should  be  nearer  approach  to  order  at  lower  temperatures  where  the 
violence  of  temperature  agitation  is  less. 

59  Brillouin,  Ann.  Chim.  et  phys.,  18,  387-400  (1909). 
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Now  the  combination  of  these  two  effects,  namely  that  when  the 
molecules  come  very  close  to  each  other  the  attractive  forces  depend 
on  the  orientation  as  well  as  on  the  mean  distance  apart,  and  that 
the  molecules  may  assume  a  greater  uniformity  of  arrangement,  has 
far  reaching  consequences  that  provide  the  possible  explanation  df  all 
the  complicated  effects  which  we  have  found  to  exist.  Thus,  if  we 
consider  two  possible  configurations  of  the  liquid,  each  having  the 
same  volume,  but  one  with  a  more  orderly  arrangement  of  the  mole- 
cules, we  see  that  the  more  orderly  arrangement  involves  a  greater 
effective  space  open  to  occupation.  One  consequence  is  that  the  more 
orderly  arrangement  has  the  greater  compressibility.  One  striking 
example  of  this  has  been  found  in  the  case  of  mercury.  The  com- 
pressibility of  soUd  merciiry  has  been  found  to  be  less  than  the  com- 
pressibility which  the  liquid  would  have  at  the  same  temperature 
if  it  could  be  compressed  without  freezing  to  the  same  volume  as  the 
solid. 

In  the  detailed  discussion  of  the  thermodynamic  properties  it  has 
been  shown  that  we  have  here  a  possible  explanation  of  many  compli- 
cated effects.  It  explains  increasing  compressibility  with  rising  pres- 
sure, decreasing  compressibility  with  rising  temperature,  increasing 
thermal  expansion  with  increasing  pressure,  and  decreasing  expansion 
with  rising  temperature.  It  is  not  necessary  to  go  into  the  details 
of  the  argument  again.  It  is  to  be  emphasized,  however,  that  we 
have  here  a  mechanism  capable  of  explaining  a  bewildering  array 
of  experimental  facts.  There  must  be  at  least  some  validity  in  the 
point  of  view. 

Not  much  has  been  said  in  the  explanation  above  of  the  results  of 
possible  association,  because  imder  high  pressures,  when  the  mole- 
cules find  difficulty  in  adapting  themselves  to  the  space  at  their  dis- 
posal, it  seems  unlikely  for  groups  of  molecules  to  unite  themselves 
into  very  close  knit  units.  The  molecules,  on  the  other  hand,  do  appar- 
ently preserve  their  individuality  under  these  high  pressures,  and  do 
not  break  up  into  simpler  compounds.  It  might  be  expected,  for 
instance,  that  pressure  would  transform  ether  into  isobutyl  alcohol^ 
a  substance  of  the  same  atomic  constitution,  but  with  a  smaller  volume. 
Such  was  not  the  case,  however.  But  it  may  be  that  association  does 
play  an  important  part  at  low  pressures.  In  this  case  it  would  be 
capable  of  explaining  various  irregularities  in  very  much  the  same 
way  as  suggested  above.  For  instance,  if  association  takes  place  with 
^  decrease  of  volume,  the  thermal  expansion  or  compressibility  may  be 
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greater  at  lower  than  at  high  temperatures.    Association  has  been 
discussed  in  greater  detail  on  page  104. 

The  results  have  exhibited  one  striking  feature  which  has  been 
frequently  emphasized,  namely  that  at  high  pressures  all  twelve  liquids 
become  more  nearly  like  -each  other.  This  suggests  that  it  might 
be  useful  in  developing  a  theory  of  liquids  to  arbitrarily  construct  a 
"perfect  liquid"  and  to  discuss  its  properties.  Certainly  the  con- 
ception of  a  "perfect  gas"  has  been  of  great  service  in  the  kinetic 
theory  of  gases;  and  the  reason  is  that  all  actual  gases  approximate 
closely  to  the  "  perfect  gas."  In  the  same  way,  at  high  pressures  all 
liquids  approximate  to  one  and  the  same  thing,  which  may  be  called 
by  analogy  the  "perfect  liquid."  It  seems  to  offer  at  least  a  promis- 
ing line  of  attack  to  discuss  the  properties  of  this  "perfect  liquid," 
and  then  to  invent  the  simplest  possible  mechanism  to  explain  them. 

Summary  of  Results. 

These  measurements  have  disclosed  an  unexpectedly  complicated 
state  of  affairs  at  high  pressures,  in  many  respects  the  exact  opposite 
of  what  we  would  expect  from  the  behavior  at  low  pressures.  The 
compressibility  may  decrease  with  increasing  temperature,  or  in  a 
few  cases  may  increase  with  increasing  pressure.  The  thermal  ex- 
pansion also  may  decrease  with  increasing  temperature  or  increase 
with  increasing  pressure.  The  peculiarity  of  thermal  expansion  with 
respect  to  temperature  is  possessed  by  all  liquids  above  3000  kgm. 
This  has  been  shown  to  have  a  bearing  on  previous  theories.  Of  the 
other  thermodynamic  properties,  perhaps  the  most  important  is  the 
internal  energy.  This  passes  through  a  minimum  and  then  increases 
again  with  increasing  pressure.  The  reason  is  that  beyond  a  certain 
pressure  the  attractive  forces  do  less  work  than  is  done  by  the  e^^temal 
forces  in  compressing  the  molecule. 

Among  considerations  which  would  seem  to  be  of  importance  for 
a  theory  of  liquids  at  high  pressures,  that  of  the  shape  of  the  mole- 
cules is  worthy  of  attention.  It  is  inconceivable  that  the  molecules 
should  not  have  shape,  and  it  is  natural  to  suppose  that  the  shape 
will  play  an  important  part  when  the  molecules  are  forced  into  close 
contact.  It  is  shown  in  detail  that  considerations  of  this  sort  offer 
possible  explanations  of  the  complicated  effects  actually  found. 
Other  modifications  of  the  ordinary  conceptions  of  Uquids  that  may 
be  necessary  have  to  do  with  our  ideas  of  the  kinetic  origin  of  pres- 
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sure  and  temperature.    There  can  be  no  doubt  that  at  high  pressures 
there  are  other  than  kinetic  effects  involved  at  least  in  pressure. 

It  is  a  pleasure  to  acknowledge  generous  assistance  from  the  Rum- 
ford  Fund  of  the  American  Academy  of  Arts  and  Sciences  for  the 
purchase  of  apparatus  and  supplies,  and  from  the  Bache  Fund  of 
the  National  Academy  for  an  assistant  in  some  of  the  experimental 
work. 

Jefferson  Phtbical  Laboratobt, 
Haryabd  Unxversxtt,  Cambridge,  Mass. 
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THE  MAXIMUM  VALUE  OF  THE  MAGNETIZATION 
IN  IRON. 

Bt  B.  Osgood  Peirgb. 
Presented  February*  12.  1913.    Reoelyed  May  3.  1913. 

The  first  experiments  on  the  magnetic  behavior  of  soft  iron  under 
high  excitations  were  made,  more  than  sixty  years  ago,  upon  com- 
paratively short,  stout  rods,  so  that  the  results  were  affected  by  the 
demagnetizing  action  of  the  ends  of  the  specimen,  but,  even  under 
these  circumstances,  several  different  observers  ^  were  able  to  show 
that  if  the  magnetizing  force  to  which  a  piece  of  iron  is  exposed  be 
made  stronger  and  stronger,  the  intensity  of  the  resulting  magnetiza- 
tion of  the  metal  usually  approaches  a  definite  limit,  and  that  this  limit 
is  practically  reached  in  fields  of  such  strength  as  are  frequently  used 
in  the  laboratory. 

The  work  of  Stoletow  and  Rowland  in  the  early  seventies  of  the 
last  century,  upon  iron  rings  or  toroids,  made  the  true  meanings  of 
H,  B,  and  /  in  the  iron  clearer,  and  since  that  time  many  persons  ^ 
have  attempted  to  determine  the  limiting  value  (/qq),  of  /,  as  i/  is 
made  to  increase  indefinitely.  I^  is  now  sometimes  called  the  specific 
magnetism  of  the  material. 

From  some  of  his  early  work,  to  which  he  applied  a  peculiar  method 
of  extrapolation,  Rowland  inferred  that  in  liie  case  of  soft  iron,  I^ 
must  be  about  1390,  whereas  Fronune  obtained  the  value  1510  in 

1  Joule,  Phil.  Mag.,  2.  1839;  MueUer.  Pogg.  Ann.  79,  1850;  82,  1851; 
Koosen,  Pogg.  Ann.  85.  1852;  Dub,  Pogg.  Ann.  90,  1853;  G.  Wiedemann, 
Pogg.  Ann.  100,  1851:  106,  1859;  117,  1862. 

aRowland,  Phil.  Mag.  46,  1873;  48,  1874;  Stefan,  Wiener  Berichte,  1874: 
97,  1888.  Wied.  Ann.  38,  1889;  Fromme,  Wied.  Ann.  13,  1881;  Ewine  and 
Low,  B.  A.  A.  S.  Report  1887;  Phil.  Trans.  180,  1889:  H.  E.  J.  G.  diffiois, 
Phil.  Mag.  29,  1890;  Roessler,  Elektrotechnische  Zeitschrift,  14, 1893;  Jones, 
Wied.  Ann.  54,  1895;  57,  1896;  Gumlich,  Elektrotechnische'  Zeitschrift,  30, 
1909;  Peirce,  These  Proceeding,  44,  1908;  Am.  Journal  of  Science,  28,  1909; 
Weiss,  Journal  de  Physique,  May,  1910;  Hadfield  and  Hopkinson,  Jour.  Inst. 
Elect.  Eng.,  46,  1911. 
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1873,  and  Stefan,  1400,  in  the  following  year.  In  1881,  however, 
Promme  got  the  value  1737  for  one  specimen,  and  in  1884,  Weber, 
exposing  a  long  rod  in  a  solenoid  to  a  field  which  had  an  intensity  of 
only  900  gausses  before  the  iron  was  introduced,  found  the  correspond- 
ing value  of  /  to  be  1700. 

In  1887,  Messrs.  Ewing  and  Low  introduced  a  new  and  most  in-  * 
genious  method  for  experimenting  upon  slender  isthmuses  of  iron  and 
steel  under  very  high  excitations  and  showed  that  different  specimens 
of  soft  iron  often  behaved  very  differently  in  very  strong  fields.  For 
•one  brand  of  fine  Swedish  iron,  they  found  the  final  value  of  /  to  be 
only  1620,  while  for  a  certain  kind  of  Bessemer  steel,  the  value  I^ 
was  as  high  as  1770. 

Du  Bois  published  in  1890  the  results  of  a  series  of  experiments 
upon  iron  in  very  intense  fields  the  strengths  of  which  he  had  deter- 
mined by  optical  means.  In  order  to  obtain,  for  each  brand  of  mate- 
rial, the  Kerr's  constant  which  he  needed,  he  first  examined  an 
ellipsoidal  test  piece  of  the  material  in  much  weaker  fields,  in  a 
solenoid.  In  a  topical  case,  the  soft  iron  ellipsoid  of  revolution  was 
18  centimeters  long  and  6  millimeters  in  diameter  at  the  centre. 
The  solenoid  was  30  centimeters  long  and  consisted  of  1080  turns  of 
insulated  wire  wound  in  twelve  layers  of  about  4  centimeters  mean 
radius.  The  field  intensity  at  a  point  9  centimeters  from  the  centre 
of  the  solenoid  was  about  6%  less  than  at  the  centre  and  this  intro- 
duced a  correction  into  the  formula  for  /.  The  moment  acquired  by 
the  bar  when  it  was  under  excitation  was  determined,  after  the  effect 
of  the  current  in  the  solenoid  had  been  compensated  for,  by  the  indi- 
cations of  a  magnetometer  in  Gauss's  A  Position  with  respect  to  the 
specimen.  The  correction  for  the  ends  of  the  ellipsoid  was  made  by 
the  use  of  the  formula  H'  =  H  —  0.052  /.  We  shall  find  it  con- 
venient to  refer  to  these  results  later  on  in  this  paper  and  some  of 
them  appear  in  Table  I. 

TABLE  I. 

H\  J. 

600  1680 

800  1695 

1000  1703 

1300  1712 


In  the  stronger  fields  the  results  were  not  so  regular,  for  the  speci- 
men was  magnetized  between  the  poles  of  a  powerful  electromagnet 
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and  the  fields  were  far  from  uniform.    The  final  value  of  /which 
du  Bois  obtained  lay  somewhere  between  1700  and  1750. 

A  paper  by  Roessler  in  the  Elektrotechnbche  Zeitschrift  for  1893 
describes  some  experiments  very  like  those  made  by  du  Bois  with  the 
solenoid  mentioned  above.  Roessler's  solenoid  was  1  meter  long  and 
consisted  of  16  layers  of  wire  3  millimeters  in  diameter.  The  mean 
radius  of  the  solenoid  was  about  5.5  centimeters  and  the  field  at  a 
point  on  the  axis  25  centimeters  from  the  centre  was  about  1%  less 
than  at  the  centre  itself.  The  test  piece  was  an  ellipsoid  50  centime- 
ters long  and  1  centimeter  in  diameter.  The  results  which  Roessler 
obtained  for  a  certain  specimen  of  so  called  "soft  iron*'  are  given  in 
Table  XL 

TABLE  II. 
H\  I, 

414  1645 

481  1663 

516  1670 

587  1675 

741  1679 

777  1681 

The  values  of  I^  published  in  1896  by  E.  T.  Jones,  who  magnetized 
a  short,  slender  wire  of  the  material  to  be  tested  between  the  conical 
pole  pieces  of  an  electromagnet  of  the  du  Bois  form,  ranged  as  high  as 
1818;  and  the  results  of  the  joint  work  of  du  Bois  and  Jones,  printed 
in  1899,  gave  values  of  I^  between  1780  and  1850. 

Weiss,  in  1907  and  1909,  experimented  upon  small  ellipsoids  of 
revolution  made  of  iron,  nickel,  and  cobalt,  placed  symmetrically 
between  the  flat  pole  pieces  of  a  powerful  electromagnet.  Each 
ellipsoid  was  about  9  millimeters  long  and  3.5  millimeters  in  diameter. 
The  gap  between  the  pole  pieces  was  about  6  centimeters  long  and  the 
diameter  of  the  magnet  core  was  15  centimeters.  An  excitation  of 
94000  ampere  turns  corresponded  to  a  field  of  about  9000  gausses  in 
the  gap  centre.  The  small  ellipsoid  was  suddenly  drawn  out  of  the 
field  through  a  hole  in  the  axis  of  one  of  the  pole  pieces  and  the  flux 
change  in  a  test  solenoid  outside  the  iron  was  determined.  Weiss's 
values  of  I^  were  1731  and  1706. 

Gumlich  in  1909  made  a  series  of  extremely  accurate  determina- 
tions of  the  final  value  of  /  in  soft  iron  by  the  Isthmus  Method,  using 
an  electromagnet  of  the  du  Bois  form,  which  was  furnished  with  two 
soft  pole  pieces  fastened  together  with  the  isthmus  between  them  and 
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capable  of  being  rotated  together  about  a  horizontal  axis  perpendicular 
to  the  pole  axis,  so  as  to  reverse  suddenly  the  sign  of  the  magnetization 
in  the  test  piece.  Each  specimen  was  28  millimeters  long  and  3  milli- 
meters in  diameter.  To  make  sure  that  the  lines  of  induction  in  the 
test  piece  were  throughout  parallel  to  each  other,  Gumlich  sometimes 
used  soft  iron  rings  slipped  over  the  specimen.  Gumlich's  value  of  I^^ 
was  1725. 

In  December,  1910,  Messrs.  Hadfield  and  Hopkinson  printed  the 
results  of  a  very  carefully  carried  out  and  very  elaborate  investiga- 
tion into  the  question  whether  in  such  combinations  of  iron  and  less 
magnetic  substances  as  are  in  practical  use,'  the  specific  magnetism 
of  any  piece  of  the  material  multiplied  by  the  mass  of  the  piece  is 
simply  equal  to  the  sum  of  the  products  obtained  by  multiplying  the 
mass  of  each  constituent  in  the  specimen  by  its  specific  magnetism. 
They  came  to  the  conclusion  that  although  this  rule  seems  not  to  hold 
in  certain  alloys  of  iron,  nickel,  and  manganese,  it  is  really  fulfilled 
in  many  practical  cases. 

They  used  a  modification  of  the  Isthmus  Method  very  skilfully, 
employing  an  electro-magnet  like,  if  not  identical  with,  the  magnet 
which  Ewing  and  Low  had,  and  which  was  made  for  the  first  bthmus 
experiments,  under  the  direction  of  W.  Low,  Esquire,  of  Balmakewan. 

Hadfield  and  Hopkinson  had  at  command  a  large  number  of  alloys 
specially  made  at  the  Hecla  Works,  for  research  purposes,  and  the 
analyses  of  their  test  pieces  are  therefore  beyond  question.  They 
found  that  in  their  annealed  iron-carbon  steel,  where  other  elements 
were  nearly  absent,  the  specific  magnetism  was  less  than  for  their 
standard  iron  by  a  percentage  equal  to  about  six  times  the  percentage 
of  carbon.  In  such  a  case  they  assumed  that  there  are  two  constituents, 
pure  iron,  and  iron  carbide  (FeaC)  in  mechanical  mixture,  the  percent- 
age of  the  carbide  present  being  15.5  times  that  of  the  carbon  in  the 
steel.  The  "pure  iron"  used  as  a  standard  was  a  sample  of  Swedish 
iron  (Maker's  mark  "S.  C.  I.")  containing  less  than  0.2  per  cent  of 
impurities.  Of  this  they  used  two  specimens:  one  was  6.26  mm. 
long,  and  3.18  mm.  in  diameter  and  weighed  0.385  grammes;  the  other 
was  15.92  mm.  long  and  3.19  mm.  in  diameter,  and  its  weight  was 
0.99  grammes.  Both  yielded  the  same  value  (1680)  for  the  specific 
magnetism.  Table  III,  obtained  from  measurements  of  one  of  the 
curves  given  by  Hadfield  and  Hopkinson,  reproduces  their  results 
sufliciently  well.  Most  of  their  pieces  of  steel  were  slightly  less  dense 
than  the  S.  C.  I.  iron  and  their  final  values  of  /qq  give  the  magnetization 
vector  per  unit  volume  of  matter  of  the  same  density  as  the  iron. 
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It  is  now  possible  to  get  in  the  market  large  pieces  of  iron  which 
has  less  than  0.03%  of  impurities  all  told,  and  I  have  used  Norway  iron 

TABLE  m. 

Hadfibld  and  Hopkinson's  Values  op  the  Spbcipic  Maqnbtibm 
OP  Ibon  and  Carbon  Allots. 

Percentage  of  Oarbon.  Specific  Magnetism. 

♦  1680 

0.5  1630 

1.0  1580 

1.5  1530 

2.0  1480 

2.5  1430 

3.0  1380 

.  3.5  1330 

99.87%  pure,  as  well  as  many  other  specimens  of  nearly  this  excellence. 
In  some  cases  the  specific  magnetbm  seemed  to  be  about  1740  and  in 
others  less  than  1700.  For  these  determinations  I  have  usually  em- 
ployed some  form  of  isthmus  method. 

TABLE  IV. 
Saturation  Values  op  the  Magnetization  Vector  in  Iron. 


Rowland, 

(1873-8) 

1390 

Stefan 

(1874) 

1400 

Fromme 

(1873) 

1510 

Fromme 

(1881) 

1737 

Weber 

(1884) 

(H=    900) 

1700 

Ewing  and  Low  (1887-5) 

1620 

to 

1740 

DuBois 

(1890) 

(H  =  1200) 

1710 

Roessler 

(1893) 

(H  =  1276) 

1688 

Jones 

(1896) 

1818 

DuBois  and  Jones       (1899) 

1780 

to 

1860 

Weiss 

(1907) 

1731 

Giunlich 

(1909) 

1725 

Peirce 

(1909) 

• 

1738 

to 

1751 

Weiss 

(1910) 

1706 

Hadfield  and  Hopkinson    (1911) 

1680 
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K  the  lines  of  magnetic  induction  in  a  slender  homogeneous  cylinder, 
made  of  perfectly  soft  iron,  are  known  to  be  straight  and  parallel  to  the 
generating  lines  of  the  cylinder,  we  may  infer  that  the  induction 
vector  —  which  in  this  case  must  be  solenoidal  and  lamellar  in  the 
metal, —  has  the  same  intensity  throughout  the  space  considered. 
If,  moreover,  the  lines  of  force  in  the  air  about  the  cylinder  and  near 
it  on  all  sides,  seem  to  be  straight,  we  may  believe,  since  the  tangential 
components  of  the  magnetic  force  and  the  normal  component  of  the 
induction  are  continuous  at  the  surface  of  the  iron,  that  the  lines  of 
force  and  induction  in  the  metal  are  straight  and  parallel  to  the  lines 
of  the  cylinder  and  to  the  lines  just  outside  the  metal  in  the  air.  If, 
therefore,  by  means  of  a  test  coil  of  very  fine  insulated  wire  wound 
tightly  around  the  cylinder,  and  a  somewhat  larger  coaxial  coil  which 
does  not  extend  into  any  portion  of  the  air  where  the  lines  of  force 
are  not  straight,  we  determine  B  in  the  metal  and  H  in  the  closely 
surrounding  space,  the  ratio  of  the  two  may  be  supposed  to  give  the 
value  of  the  permeability  in  the  iron.  This  is  the  theory  that  under- 
lies one  form  of  the  "  Isthmus  Method  "  of  measuring  the  value  of  the 
magnetization  vector  in  the  metal  at  high  excitations.  If  the  results 
are  to  be  satisfactory,  great  care  must  be  taken  to  make  sure  that  the 
magnetic  lines  just  outside  the  isthmus  are  really  straight  in  the 
region  to  be  used,  and  the  dimensions  of  the  test  coils  must  be  deter- 
mined with  the  aid  of  trustworthy  comparators  with  great  accuracy. 
The  larger  test  coil  must  be  mounted  upon  some  sort  of  support,  if 
it  is  to  keep  its  form  unchanged,  and  the  choice  of  material  for  a  spKwl 
is  very  narrow.  No  brass  or  copper  that  I  have  ever  tried  is  unmag- 
netic  in  very  strong  fields;  parafiine  wax  and  ebonite  are  often  para- 
magnetic and  introduce  errors  into  the  readings.  Silk  insulation  for 
the  wire  of  which  the  test  coils  are  made  is  inadmissible  without 
careful  examination  and  even  shellack,  when  dried  from  an  alcoholic 
solution,  is  almost  always  strongly  magnetic. 

The  form  of  bobbin  used  by  Ewing  and  Low  requires  a  fresh  outer 
test  coil  for  each  specimen,  but  the  little  rods  inserted  at  the  ends 
into  holes  in  the  pole  pieces,  as  in  the  work  of  Gumlich,  or  the  shorter 
rods  butted  against  the  faces  of  the  pole  pieces,  as  in  the  work  of  Had- 
field  and  Hopkinson,  do  not  have  this  disadvantage. 

If  the  lines  of  force  in  the  air  about  the  isthmus  are  practically 
straight  for  one  excitation  they  often  cease  to  be  so  when  the  intensity 
of  the  field  is  much  increased.  If,  with  soft  iron  pole  pieces  the  lines 
are  parallel  for  a  soft  iron  bobbin,  they  may  not  be  even  approxi- 
mately so  for  a  bobbin  of  fairly  hard  steel,  as  I  have  found  to  my  cost 
in  a  somewhat  large  experience. 
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These  and  other  difficulties  lie  in  the  way  of  anyone  who  attempts 
to  use  the  Isthmus  Method  in  its  original  form,  and  every  modifica- 
tion of  it,  whatever  advantages  it  has,  usually  introduces  some  new 
problems.  Notwithstanding  all  this,  the  method  is  a  most  useful  one 
and  has  a  much  wider  application  than  has  usually  been  given  it. 
No  other  way  that  has  been  proposed  of  making  magnetic  measure- 
ments at  very  high  excitations  is  nearly  so  good,  and  the  test  pieces 
now  employed  are  small  and  convenient  to  make. 

There  is  still  in  many  cases  some  uncertainty  in  the  determinaton  of 
H,  and  Hadfield  and  Hopkinson  discuss  the  subject  in  trying  to  ac- 
count for  the  differences  between  their  results^  and  those  of  Gum- 
lich,  obtained  at  the  Reichsanstalt.  Moreover,  there  is  sometimes 
irregularity  in  the  values  of  /  measured  by  the  Isthmus  Method*  for 
a  single  specimen.  For  these  reasons,  it  has  seemed  to  me  worth 
while  to  push  the  use  of  the  solenoid  for  magnetizing  test  pieces  farther 
than  has  yet  been  done,  to  make  sure  that  there  are  specimens  of 
metal  in  which  /  is  higher  than  1700  even  in  much  weaker  fields  than 
those  which  the  Isthmus  Method  furnishes.  This  is  especially  de- 
sirable if  we  wish  to  be  able  to  determine  the  constitution  of  a  large 
mass  of  steel  by  a  quick  measurement  of  the  specific  magnetism  of  a 
small  test  piece  in  an  electromagnet  arranged  for  the  purpose,  as  has 
been  proposed. 

According  to  the  molecular  theory  of  magnetization  of  Weber  and 
Ewing,  the  molecules,  which  lie  with  their  magnetic  axes  in  all  direc- 
tions when  the  metal  is  in  the  neutral  state,  tend  to  turn  in  the  direc- 
tion of  any  magnetic  field  to  which  the  iron  may  be  exposed,  though 
they  are  hindered  from  doing  so  by  the  interaction  of  the  molecules 
themselves.  \Mien,  however,  the  appUed  field  is  made  strong  enough 
to  overcome  these  intermolecular  forces,  in  large  measure,  all  the  axes 
of  the  elementary  magnets  point  practically  in  the  same  direction. 
It  is  evident,  therefore,  that  unless  the  applied  field  affects  the  mo- 
ments of  the  elementary  magnets  of  which  the  metal  is  made  up,  the 
magnetic  moment  (/)  of  the  metal  per  unit  volume  should  remain 
nearly  constant  after  the  excitation  has  gone  beyond  a  certain  large 
value.  This  maximum  magnetization  is  very  different  in  different 
metals  and  we  may  well  consider  it  as  characteristic  of  a  material. 


3  Journal  of  the  Institution  of  Electrical  Engineers,  Dec.,  1910,  p.  253. 

4  Ewing's  Magnetic  Induction  in  Iron  and  Other  Metals,  Tables  XI,  XII. 
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Apparatus  and  Method  of  Procedure. 

Figure  1  shows  diagrammatically  the  general  arrangement  of  the 
great  array  of  apparatus  used  in  making  the  measurements  described 
in  this  paper.    This  apparatus  was  adjusted  and  some  of  it  constructed 
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Figure  1.  This  Figure  shows  diagrammatically  the  general  arrangement  of 
some  of  the  apparatus  used  in  making  the  observations  describe  in  this 
paper.  The  elaborate  devicea  for  demagnetizing  the  specimens  are  omitted 
lor  simplicity. 

by  Mr.  John  Coulson  of  the  scientific  staff  of  the  Jefferson  Laboratory, 
who  has  worked  with  me  at  every  stage  of  the  investigation,  and  to 
whose  skill  and  patience  I  am  deeply  indebted.  Many  details  are 
omitted  from  the  figure.  The  devices  for  demagnetizing  the  speci- 
mens to  be  tested  will  be  described  later  on. 
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It  is  evident  that  in  such  measurements  of  magnetic  flux  changes 
as  are  necessary  in  the  work  described  in  this  paper,  it  is  of  fundamental 
importance  that  the  ballistic  galvanometers  used  be  correctly  cali- 
brated, and  we  used  a  number  of  standards  of  mutual  inductance,  most 
of  them  rather  larger  than  those  commonly  employed  for  such  purposes, 


WiflJ 


Figure  2.    Three  standards  of  mutual  inductance. 

since  our  rather  slowly  mov^ing  galvanometer  was  not  very  sensitive. 
We  had  in  all  seventeen  mutual  inductances  for  our  calibrations.  Of 
these  five  have  been  measured  for  us  this  year  at  the  United  States 
Bureau  of  Standards,  and  seven  others  are  of  such  forms  that  their 
values  may  be  calculated  by  well  known  methods.  We  found  one  of 
Doctor  Campbeirs  Variable  Standards  of  Mutual  Inductance  (which 
was  very  kindly  lent  to  us  by  Professor  Kennelly),  most  useful.  It 
proved  to  be  very  accurately  calibrated,  and  it  agreed  closely  at  all 
points  with  the  standards  determined  for  us  at  Washington. 

An  elaborate  series  of  comparisons  of  our  inductances  occupied 
Mr.  Coulson  and  myself  for  more  than  two  months,  because  we  found 
that  three  or  four  of  those  which,  according  to  our  computations  based 
upon  their  geometrical  forms,  should  have  certain  values,  seemed  to 
have  slightly  different  values,  though  they  did  not  seem*  to  be  quite 
constant.  This  phenomenon  puzzled  us  at  first  and  gave  us  much 
trouble,  but  we  believe,  after  all  our  work,  that  the  ebonite  used  as  a 
core  in  three  of  them  is  very  slightly  susceptible  in  a  strong  magnetic 
field,  that  the  split  thick  brass  tube  used  as  a  core  for  one  of  our  sole- 
noids is  sufficiently  paramagnetic  to  affect  the  field  inside  it  percep- 
tibly, though  another  solenoid  constructed  in  a  similar  manner  seems 
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free  from  this  difficulty,  and  finally,  that  the  white  silk  triple  covering 
of  some  of  our  wire  is  hygroscopic  and  that  when  a  closely  wound  coil 
of  it  is  damp,  there  may  be  a  very  little  leakage  from  turn  to  turn 
through  the  insulation,  under  very  strong  excitation.  In  any  event, 
we  have  eliminated  all  error  from  these  sources,  and  we  believe  that 
the  inductances  of  the  standards  we  have  finally  used  may  be  depended 
upon  to  at  least  the  twentieth  of  one  per  cent. 

The  shapes  of  three  of  our  standards  are  shown  in  Figure  2.  In  D, 
the  three  larger  plates  (and  the  shaded  cores)  are  of  plate  glass  about 
29  centimeters  in  diameter.  The  cores  were  mounted  by  Mr.  Thomp- 
son in  an  engine  lathe,  and  were  ground  for  about  two  days,  under  a 
constant  flow  of  soda  water,  by  a  rapidly  turning  carborundum  wheel 
fastened  to  the  tool  post  and  driven  by  its  own  motor,  while  the  lathe 
moved  slowly.  In  this  way  the  plates  were  made  very  accurately 
circular.  A  is  also  wound  upon  a  plate  glass  spool,  but  the  two  coils 
are  wound  together  from  two  spools  of  wire  triply  covered  ^dth  white 
silk.  P  consists  of  two  spools  with  plate  glass  ends,  but  the  shaded 
cores  are  ebonite  rings.     G  shows  a  side  view  of  P. 


The  magnetizing  solenoid  consists  of  about  300  kilograms  of  triply 
covered  Number  10  copper  wire  wound  uniformly  with  great  care,  by 
Mr.  George  W.  Thompson,  upon  a  massive  brass  sp)ool  186.2  centi- 
meters long  in  inside  measurement.  The  inner  coil  has  8117  turns 
in  14  layers,  and  a  resistance  at  room  temperatures  of  about  7.7  ohms. 
The  outer  coil,  of  slightly  different  wire,  has  5872  turns  in  10  layers, 
and  a  resistance  of  about  9.8  ohms.  The  field  intensity  at  different 
points  of  the  axis  was  found  for  a  given  current  in  each  layer  separately, 
and  it  appeared  from  combining  the  results,  that  a  current  of  one 
ampere  sent  through  the  whole  inner  coil  gives  rise  to  a  field  of  inten- 
sity 54.71(3)  gausses  at  tlie  centre  and  54.60(5)  gausses  at  a  point 
50  centimeters  from  the  centre,  on  the  axis.  A  current  of  one  ampere 
sent  through  both  coils  in  series  creates  an  electromagnetic  field  of 
intensity  94.19(5)  gausses  at  the  centre  and  93.77(5)  gausses  at  a 
point  50  centimeters  from  the  centre,  a  difference  of  nearly  one  half 
percent.  The  outside  diameter  of  the  solenoid  is  a  little  less  than 
20  centimeters. 

For  currents  up  to  31.5  amperes,  corresponding  to  a  field  of  about 
2900  gausses,  the  coils  were  used  in  series  attached  to  the  550  volt 
circuit  of  the  Harvard  University  plant.  For  stronger  fields  of  5000 
gausses  or  more,  the  coils  could  be  attached  in  parallel  to  this  circuit 
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with  a  standard  amperemeter  in  each  branch.     For  the  preliminary 
experiments,  fields  stronger  than  4600  gausses  were  not  needed. 

The  thick,  solid-drawn  brass  tube  upon  which  the  wire  was  wound 
carried  a  stream  of  tap  water  to  keep  the  specimen  at  a  constant 
temperature.  The  test  coil  was  wound  upon  the  test  piece  after  the 
latter  had  received  a  very  thin  film  of  varnish.  The  test  coil,  after 
it  had  been  made,  was  varnished  and  the  whole  was  then  placed  for 
about  half  an  hour  in  a  stream  of  hot  air  to  harden  the  coating.  The 
leads  were  enclosed  in  a  very  thin  tube  of  rubber,  the  test  coil  was 
covered  with  a  rubber  shield,  and  melted  paraffine  wax  was  then  run 
into  the  ends  of  this  shield  so  as  to  keep  the  test  coil  absolutely  dry. 
In  this  manner  all  leakage  from  turn  to  turn  of  the  triply  silk  covered 
wire  of  which  the  test  coil  was  made  was  avoided.  In  many  cases 
two  test  coils  were  wound  side  by  side  upon  each  specimen,  but  the 
results,  after  we  had  learned  how  to  make  the  coils  properly,  were  so 
nearly  identical  for  both  coils  that  we  sometimes  used  only  one.  In 
all  cases  the  differences,  if  there  ever  were  any  real  differences,  were 
far  smaller  than  the  unavoidable  errors  of  ballistic  galvanometer 
reading. 

The  reversal  of  a  strong  current  in  the  circuit  of  a  solenoid  with 
so  great  an  inductance  as  this  one,  has  to  be  managed  carefully. 
The  main  reversing  switch,  when  it  was  slightly  pulled,  automatically 
put  the  solenoid  in  parallel  with  a  noninductively  wound  resistance 
higher  than  its  own,  and,  after  the  handle  was  raised  higher,  broke 
the  main  circuit  so  that  the  discharge  from  the  solenoid  could  pass 
through  the  auxiliary  resistance.  The  process  was  inverted  when  the 
switch  handle  was  pushed  down.  This  switch  (Figure  3,  Plate  1)  was 
designed  and  made  by  Mr.  Coulson. 

To  prove  that  the  field  in  the  solenoid,  when  a  given  current  passes 
through  the  circuit,  is  really  what  it  should  be,  according  to  the  cal- 
culation, a  very  carefully  made  test  coil  without  iron  was  placed  in 
series  with  the  secondary  of  a  standard  of  mutual  inductance  and  the 
field  was  thus  measured.  By  this  means  it  was  shown  that  there  was 
no  appreciable  leakage  between  the  turns  of  the  solenoid  —  a  very 
common  fault  of  the  exciting  coils  of  electromagnets  —  and  that  there 
was  not  enough  iron  in  the  brass  of  the  reel  to  affect  the  field  strength 
sensibly.  So  far  as  we  can  determine  the  fact  by  our  many  and  re- 
peated tests,  the  solenoid  has  not  been  injured  by  use  and  is  very 
perfect.     It  is  firmly  mounted  on  a  solid  oak  frame  so  that  its  axis  is 

horizontal  and  perpendicular  to  the  meridian. 

The  dimensions  of  the  iron  test  pieces  and  of  the  standard  induc- 
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tances  were  obtained  with  the  help  of  a  set  of  micrometer  screw  gauges 
by  Brown  and  Sharpe.  The  smallest  one  of  these  was  used  for  deter- 
mining the  diameters  of  the  specimens  and  of  the  coils  wound  upon 
them.  The  accuracy  of  this  gauge  was  tested  by  a  comparator  (which 
had  a  screw  by  Gaertner),  and  by  another  comparator  (by  Zeiss) 
which  reads  directly  to  microns. 

An  illustration,  the  case  of  a  specimen  of  American  Ingot  Iron,  will 
show  how  much  error  would  be  introduced  into  the  value  of  the 
specific  magnetism  of  the  iron  by  a  given  error  in  measurement  of  its 
dimensions.  The  length  was  100  cm.,  the  diameter  of  the  bare  iron, 
1.278(5)  cm.  and  the  mean  diameter  of  the  test  coil,  1.326  cm.  The 
coil  consisted  of  100  turns  of  copper  wire  triply  covered  with  white 
silk,  and  as  the  dimensions  show,  the  flux  through  it  was  128.32  B  + 
9.SH,  The  last  term  which  shows  the  correction  for  the  air  flux 
linked  with  the  coil,  is  relatively  small  at  ifeeble  excitations,  and  even 
when  H  rises  to  2800  and  B  becomes  about  24500,  the  whole  term  is  less 
than  1%  of  the  flux  through  the  iron.  Moreover  the  value  of  the  term 
may  be  found  to  within  one  twenty-fifth  of  its  value  without  trouble. 
An  error  of  0.001  in  measuring  the  diameter  of  the  iron  might  make 
an  error  of  three  units  in  the  last  place  in  the  value  of  the  specific 
magnetism  and  this  makes  it  desirable  to  use  exactly  round  rods. 
The  piece  here  described  was  cut  out  of  a  large  bar  with  great  skill,  at 
the  works  of  Messrs.  Barbour  and  Stockwell. 

At  high  excitations,  the  corrections  for  the  effect  of  the  ends  of  the 
cylindrical  test  pieces  are,  of  course,  much  less  than  those  which 
according  to  theory  and  to  the  formulas  of  DuBois  and  of  Shudde- 
magen  are  necessary  in  low  fields.  I  shall  hope  to  discuss  this  matter 
at  length  in  another  paper,  and  need  only  state  here  that  the  correc- 
tion for  a  piece  of  the  dimensions  used  was  practically  negligible  in 
fields  of  strength  above  2000  gausses. 

The  rods  to  be  annealed  were  first  packed  tightly  in  fine  iron  filings 
in  a  piece  of  pipe  the  ends  of  which  were  closed  by  screw  caps,  and  the 
whole  was  carefully  supported  perpendicular  to  the  meridian  in  a 
special  gas  heater  where  it  would  be  exposed  to  several  hundred  flames 
driven  by  a  power  compressor.  In  this  manner  a  piece  150  centimeters 
long  could  be  heated  ver>'  uniformly.  After  the  specimen  had  been 
kept  for  perhaps  an  hour  at  a  temperature  considerably  above  the 
critical  point  of  the  iron  it  could  be  then  allowed  to  cool  very  slowly 
in  situ,  protected  from  magnetic  action. 

If  a  slender  rod  of  iron  be  placed  inside  a  long  solenoid  which  is 
in  the  secondary  circuit  of  a  powerful  open-core  transformer,  and  if 
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while  the  primary  circuit  is  attached  to  the  alternate  current  mains, 
the  secondary  coil  of  the  transformer  be  slowly  drawn  off  the  core 
and  the  primary  coil,  by  help  of  some  mechanical  device,  it  is  possible 
to  send  through  the  solenoid  a  long  series  of  currents  alternating  in 
direction  and  gradually  decreasing  in  intensity  and  thus  to  demagne- 
tize the  iron  rod  very  well.  We  had  an  apparatus  of  this  kind  perma- 
nently connected  with  our  apparatus,  but  it  was  not  shown  in  Figure 
1  lest  the  diagram  be  too  complex. 

When  the  direction  of  a  strong  electrical  current  in  the  circuit  of 
the  large  solenoid  (S)  in  which  the  iron  rods  to  be  tested  were  magnet- 
ized, was  suddenly  reversed,  some  time  was  needed  to  establish  the 
new  current  in  its  full  value,  and  the  change  in  the  magnetic  flux 
through  the  test  coils  wound  upon  the  rods  was  not  complete  until 
after  several  seconds.  This  fact,  due  to  the  large  inductance  in  the 
circuit,  made  it  unsafe  to  employ  a  ballistic  galvanometer  of  ordinary 
type  for  measuring  this  flux  change,  and  we  had  recourse  to  a  long 
period  instrument  of  a  kind  which  has  been  used  for  a  number  of  years 
in  the  Jefferson  Laboratory.  The  particular  galvanometer  (G)  we 
chose,  had  a  period  of  156  seconds  which  was  quite  long  enough  for 
our  purpK)ses,  but  we  had  a  much  more  slowly  moving  instrument  at 
hand  in  case  of  need.  Any  fairly  long  throw  of  G  could  be  determined 
with  an  error  of  less  than  one  tenth  of  one  per  cent,  and  we  could  do 
better  than  this  by  careful  repetition.     G  is  shown  in  Figure  4,  Plate  1. 

The  main  currents  in  the  solenoid  circuit  were  measured  with  the 
help  of  a  series  of  Weston  Amperemeters  (two  of  which  are  shown 
diagrammatically  as  U  and  V  in  Figure  1)  properly  arranged  for  the 
special  intensity  ranges  we  needed,  but  the  accurate  determination  of 
large  currents  was  made  by  aid  of  a  potentiometer  (Figure  5)  with 
standard  cadmium  cells,  which  measured  the  potential  drop  across  a 
standard  one  hundredth  of  an  ohm  resistance  (R)  by  Crompton,  which 
had  been  tested  against  another  standard  by  Wolff.  The  largest 
currents  we  used  could  not  very  well  be  allowed  to  run  very  long 
through  the  coils  because  the  amount  of  heat  set  free  in  the  circuit 
was  enormous.  Indeed,  with  an  energy  expenditure  of  more  than 
fifty  kilowatts,  the  heating  problem,  in  spite  of  nmning  water  in  the 
core  of  the  solenoid  needed  careful  consideration.  As  a  matter  of 
fact,  the  only  diflficulty  we  finally  encoimtered  was  a  slight  falling  off 
of  our  largest  currents  with  repeated  throws,  owing  to  a  little  increase 
in  the  resistance  of  the  circuit,  and  this  came  at  a  place  where  the  flow 
of  inductance  through  the  test  coil  changed  very  slowly  with  H, 
To  save  time  we  arranged  a  standard   condenser  (Elliot   Brothers, 
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No.  72)  so  that  it  became  automatically  charged  at  the  tenninals  of  R 
just  as  the  main  switch  was  reversed,  and  the  charge  could  then  be 
measured  at  our  ease  four  or  five  seconds  after  the  switch  had  been 
thrown  over.  By  these  means  we  avoided  the  delay  which  would 
have  resulted  if  we  had  been  obliged  to  read  the  amperemeters  before 
the  reversal. 

Besides  this  slowly  moving 
ballistic  galvanometer,  we 
used  three  other  mirror  gal- 
vanometers, one  for  the 
condenser  throws,  one  for 
the  potentiometer,  and  one 
for  the  accurate  comparison  of 
our  inductances,  and  in  addi- 
tion, a  large  standard  labo- 
ratory amperemeter  (W),  by 
Weston,  which  could  be 
checked  at  any  instant 
against  the  potentiometer. 
This  beautiful  instrument 
has  an  engine  divided  scale 
31  cms.  long. 

At  very  high  excitations, 
the  reversal  of  any  switch  of 
ordinary  construction  gives 
rise  to  a  very  unpleasant  ex- 
plosion, and  we  often  made 
use  of  a  large  controller  (A') 
constructed  by  the  General 
Electric  Company  for  use 
upon  electric  cars.  This  was 
very  kindly  lent  to  us  by 
Mr.  F.  W.  Lieberknecht,  and 
served  an  excellent  purpose. 
We  do  not  need  to  describe  a  large  number  of  auxiliary  amperemeters 
and  galvanometers  used  in  our  work. 


]-2-|iii|— 


Figure  6. 


The  Use  of  Condensers  in  the  Inductive  Secondary  Circuit. 

The  inductance  in  the  secondary  circuit,  which  contained  the  test 
coil  or  coils,  the  secondary-  coils  of  the  inductance  standards,  and  the 
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coil  of  the  large  ballistic  galvanometer,  was  usually  considerable  and 
the  strain  upon  the  insulation  of  the  wire  was  sometimes  large  when  a 
powerful  current  in  the  primary  circuit  was  suddenly  reversed.  Occa- 
sionally, there  seemed  to  be  some  leakage  in  this  circuit,  so  we  intro- 
duced a  number  of  condensers  into  the  circuit  in  the  attempt  to  reduce 
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Figure  7.  This  figure  shows  the  forms  of  the  curves  obtained  by  plotting 
the  permeability  and  the  susceptibiliW  of  a  certain  kind  of  soft  iron  aeainst 
the  exciting  field.    These  curves,  OBZ,  OAX,  are  drawn  to  different  scales. 

the  stress.  What  the  exact  effect  of  such  condensers  in  a  complex 
circuit  will  be  when  the  breaking  arc  in  the  primary  circuit  is  oscilla- 
tory, it  is  usually  impossible  to  predict,  because  some  necessary  data 
are  wanting  or  because  the  literal  equations  are  of  too  high  a  degree 
to  be  solved,  but  certain  general  facts  are  clear.  The  following  analy- 
sis treats  some  questions,  as  applied  to  a  circuit  taken  for  illustration, 
which  are  really,  perhaps,  too  elementary  to  need  any  discussion. 

Figure  6  represents  two  neighboring  circuits: — 

(a)  A  primary  circuit  of  total  resistance  R,  and  total  self  inductance 
i,  which  contains  a  constant  battery  of  voltage,  V,  and  carries  a 
current  /.  Thb  circuit  is  furnished  with  a  gap  (O)  which  may  be 
closed  or  opened  at  pleasure. 

(6)     A  secondary  circuit  of  several  branches,  which  has  no  battery, 
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but  which  is  linked  with  the  primary  circuit  by  the  mutual  inductance, 
M,  The  branch  AQB  or  (1),  which  is  directly  coupled  with  the 
primary,  has  a  resistance  Ri,  a  total  self  inductance  Ni,  and  carries  a 
current  I\.  The  branches  AB,  CD,  or  (2),  (3),  contain  condensers 
of  capacities  K^  and  Kz  respectively.  Their  resistances  are  Ri  and  /J3, 
their  self  inductances,  ^^2  and  N^  and  they  carry  currents  I2  and  /g. 
The  branches  (4)  and  (5)  have  no  condensers.  Their  resistances  are 
R4  and  i?5,  their  self  inductances,  N^,  N^,  and  their  currents,  h  and  h. 
The  current  in  DB,  which  has  a  negligible  resistance,  is,  of  course,  li. 
If  accents  are  used  to  denote  differentiations  with  respect  to  the 
time,  an  easy  application  of  Kirchhoff's  Laws  to  these  two  circuits 
leads  to  the  equations: — 

V-Lr-Mri  =  R'I, 

=   iti  •  /i  +  i^  •  /i  +  i?5  *  /sj 

-MI'-  Ni  ih'  +  h'  +  W)  -  Nt  ■  h'  -  Qi/Ki 

=  Ri  {h  +  Iz  +  h)  +  Ri  ■  h. 

-M-r-N,{h'+h'  +  h')-N,{h'  +  h')-NrU-Q,/K, 

=  Ri{h  +  h  +  h)  +  R*ih+  h)  +  R»-h. 

h  =  h+U  =  h  +  h+  h, 
or 

{L-  r  +  R-  D  +  M  •  h'  +  M  •  U  +  M  ■  h'  =  V, 

M-r+{Ni-h'+Rrh)+(Ni-h'+N^-h'  +  Rrh+RA-I») 
+{Ni-h'  +  N,-h'  +  Ni-h'  +  Ri-h+Ri-h+R^-h)=0. 

M  ■  I"  +  {Ni  ■  li"  +  N2  ■  h"  +  Rih'  +  R^-  W  +  U/K2) 
+  (Ni  •  h"  +  Rrh')  +  {Ni  ■  h"  +  Rr  ■  h')  =  0, 

M  ■  I"  +  (iV,  •  h" + R,  •  h')  +  (iV,  •  /," + Nt,  ■  h" + N,  •  /," 
+Ri  ■  h'  +  R,  ■  h'  +  fi,  •  /,'  +  h/K^) 
+  (iV,  •  h"  +  Na  '  h"  +  Ri  •  h'  +  R,  ■  U)  =  0. 

If,  for  7  we  vn-ite  7o  +  V/R,  the  second  number  of  the  first  equation 
becomes  zero,  while  all  the  equations  remain  otherwise  unchanged  in 
form,  and  it  follows  that  every  one  of  the  currents  satisfies  a  single 
linear  differential  equation  of  the  sixth  order  with  constant  coefficients 
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and  that  if  a,  b,  c,  d,  e,  and  A  are  the  roots  of  the  equation  formed  by 
equating  to  zero  the  determinant, 

Lx-f-r    Mz  Mz  Mz 

Mz       Niz+Ri  { Niz  +  N4PC  +  Ri  }      jNiz  +  N4Pi^  +  NiZ  I 

I     -\-R*  )     \     +Ri-\-R*+Ri) 


Mz*    {Niz*  +  N^*+Riz\     Niz*  +  Riz  Ni2^  +  Ri 

\      +Ri'z  +  I/K2  J 

Mz*     Ni3^  +  Riz  ( iVixM-  N4;^  +N^* )  {Ni3^±N4P^  +  Riz  I 


]    +Riz  +/24X+i?»x  [}      +R^z 


(3) 


then 


I  =  A^    +  fie"    +  Ce"*    +  Z)«*    +  Ee"    +  H^ +  ^ 

h  =  aiA^  +  ftBe^'  +  y^e''  +  bj)^  +  ^Ee^  +  ryzffe*'  (4) 

h  =  oa^e^  +  PzB^  +  IzCe"^'  +  UP^  +  ^e"^  +  ttiH^ 

h  =  Ofi^e-'  +  /355e^  +  76C^  +  W^  +  ^e*'  +  tiJl^ 

If  these  values  be  substituted  in  one  of  the  Kirchhoff  equations  above 
and  the  coefficients  of  the  different  exponential  expressions  separately 
equated  to  zero,  it  will  appear  that  the  a's,  ff%,  7's,  5's,  c's,  and  17's  are 
determinate  fimctions  of  the  constants  of  the  circuit  and  in  no  way 
dependent  upon  the  manner  in  which  the  currents  are  managed. 

The  other  six  constants  {A,  B,  C,  D,  E,  H)  have  to  be  computed 
from  a  knowledge  of  the  electrical  conditions  which  determine  any 
problem  concerning  these  two  fixed  circuits. 

If,  for  instance,  there  is  no  current  in  any  branch  of  the  circuits 
at  the  outset,  and  if  the  gap,  O,  be  suddenly  closed  at  the  origin  of 
time,  the  values  of  the  constants  for  all  positive  time  satisfy  the 
equations 

A+     5+     C+    D+    E+     H=  -^ 

a2^  +  ft^  +  72C  +  feZ)  +  €2^  +  €2//  =  0 

azA  +  fizB  +  yzC+8zD  +  e,E+ezH  =  0 
aa  +  PhB  +  y,C  +bj)  +  t^E  +  €5//  =  0 

and,  after  these  have  been  solved,  it  is  easy  to  compute  the  whole 
flow  of  electricity  through  the  galvanometer,  for 
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If,  however,  when  the  primary  current  has  its  steady  value,  V/R, 
and  there  are  no  currents  in  the  secondary  circuit,  the  primary  resis- 
tance be  instantaneously  changed  from  R  to  R\  at  the  time  <  =  0, 
there  is  no  sudden  change  in  the  cturent  in  any  branch,  but  for  all 
subsequent  time,  the  constants  are  determined  by  the  equations: — 

A+     B+     C+    D+    E+    ^  =  1-1 


05^  +  M  +  76C  +  «sZ>  +  €^  +  175H  =  0 


(7) 


and  it  is  evident  that  every  one  of  the  quantities.  A,  B,  C,  D,  E,  H,  I, 
given  by  (7)  has  a  value  which  bears  to  the  corresponding  value  given 
by  (5)  the  ratio  {R  —  R^)/R\  and  the  same  relation  holds  between  the 
whole  discharges  through  the  galvanometer  in  the  two  cases.  K  the 
gap  be  instantly  opened  so  that  R'  is  infinite,  when  the  current  in 
the  primary  circuit  is  V/R  and  there  are  no  secondary  currents,  the 
galvanometer  throw  is  equal,  but  opposite  in  sign,  to  the  throw  caused 
by  suddenly  closing  the  gap  when  all  the  currents  are  zero. 

The  electrokinetic  energy  for  the  coupled  circuits  is 

T  =  iL'  P+  M '  I(h+  h+  h)  +  iNi{l2  +  Iz  +  hy 

+  iN2'l2'+hNz'h'+hN4{h  +  l5y+hNs'h,     (8) 

so  that  the  electrokinetic  momenta  are 

p  ^L'I+M{h  +  Iz  +  h) 

p,  =  M '  I  +  Ni{l2  +  h  +  h)  +  N2'  h 

pz  ^  M  '  I  +  Ni(h  +  h+  h)  +  Nz'  h+  N,{h  +  h) 

P5  =  3/  •  /  +  Niih  +  Iz  +  h)  +  N,{Iz  +  h)  +  NJ, 


(9> 


If,  when  /  has  the  value  /  =  V/R,  and  there  are  no  other  currents,  the 
gap  be  instantly  opened,  /  suddenly  drops  to  zero,  and  I2, 1$,  h,  which 
were  0,  suddenly  acquire  initial  values  which  may  be  determined  by 
the  fact  that  the  electrokinetic  momenta,  p2,  pz,  Pb,  which  before  the 
change  were  equal  to  Pq  =  MV/R,  are  not  altered  by  the  impulse. 
After  the  gap  is  opened,  the  currents  in  the  branches  obey  the  system 
of  equations  (2),  but  the  initial  values  of  these  currents  are  to  be 
found  from  the  equations 
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{Ni  +  Nt)It  +  NJz  +  Nih  =  Po 
Nih  +  (Ni  +  N^  +  N,)h  +  {N,  +  N,)h  =  Po  (10) 

Nih+  {N,+  N,)h+  (Ni  +  N,  +  N,)h  =  Po 

If  then  A  denote  the  determinant  of  the  coefficients, 

A  =  N1N2NZ  +  NiNzN,  +  NiNzN,  +  iViA',A^6  +  NiNaNs 

+  N2N,N,  +  N^NzN,  +  N,N^,, 

and  the  values  of  I2,  h  and  /§  just  after  the  gap  is  opened,  are 

{NzNa  +  NzNi  +  N^t)Po/A,  ATjiVsPo/A,  and  NiNtPo/A.     (11) 

The  total  amount  of  electricity  carried  by  the  currents  I2,  /#,  and  /» 
are  0,  0,  and  12;  and  to  find  12  we  may  integrate  the  second  equation 
of  the  system  (2)  with  respect  to  the  time  from  0  to  00  and  use  the 
initial  values  of  h,  h,  h  just  found.  This  procedure  leads  to  the 
equation: 


n 


and  this  is  e\adently  the  same  result  that  would  have  been  obtained 
for  the  whole  discharge  through  the  galvanometer,  if  the  branches  (2) 
and  (3),  with  their  condensers,  were  removed  from  the  secondary  cir- 
cuit. It  is  easy  to  compute  the  sudden  loss  of  energy  when  the  gap 
is  opened. 

Results. 

For  the  purposes  of  the  investigation  here  described,  we  used  about 
twenty-five  different  brands  of  iron  obtained  from  several  different 
sources.  Of  these,  five  gave  values  of  /  larger  than  1700  for  compara- 
tively low  excitations  of  about  2800  gausses. 

About  ten  of  our  specimens  were  described  by  the  dealers  as  "  Bes- 
semer*' and  showed  similar  micrographs.  Most  of  these  were  in 
no  way  remarkable.  For  excitations  of  about  2700  they  gave  values 
of  /  of  about  1675  in  the  average  and  might  be  expected  to  give  1685 
for  fields  of  strength  5000.  One  specimen  (No.  10)  was  quite  different 
from  the  others.  For  //  =  2730  the  corresponding  value  of  /  was  1727. 
This  result  is  based  upon  several  different  determinations  made  upon 
different  days,  and  during  the  interval  the  rod  was  once  annealed. 
A  long  series  of  annealings  however  reduced  the  permeabiUty  so  that 
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finally  the  /  corresponding  to  H  =  2600  fell  to  about  1700.  One 
specimen  of  wrought  iron  which  we  have  annealed  a  great  number  of 
times  shows  no  permanent  change  in  permeability  although  at  one 
stage  this  fell  by  more  than  one  per  cent  temporarily,  and  was  restored 
by  the  next  annealing. 

According  to  my  experience  during  the  last  few  years  with  a  good 
many  pieces  of  so  called  "Norway  Iron,"  about  one  specimen  in  three 
of  those  bought  without  care  in  the  open  market  may  be  expected  to 
have  a  specific  magnetism  considerably  above  1700.  DiflPerent  por- 
tions of  the  same  large  bar  may  have  very  diflPerent  permeabilities, 
however,  as  one  may  readily  believe  after  an  examination  of  a  series 
of  micrographs  which  always  show  a  considerable  amount  of  slag. 
I  believe  that  an  occasional  small  piece  such  as  would  be  used  for  an 
isthmus  might  be  found  to  have  a  specific  magnetism  three  or  four 
percent  above  the  best  value  to  be  found  in  a  bar.  I  have  myself 
encountered  two  isthmuses  which  gave  1790  and  1751  respectively, 
in  spite  of  my  best  eflPorts  to  reduce  what  seemed  to  me  at  the  time 
impossibly  large  values.  Some  small  specimens  used  by  other  ob- 
servers have  shown  even  greater  values  than  this.  In  the  case  of  a 
^od  a  meter  long  and  twelve  millimeters  in  diameter,  however,  I  have 
never  found  an  average  value  much  above  1740. 

Much  of  the  wrought  iron  to  be  had  in  the  market,  though  very 
useful  to  blacksmiths,  contains  such  an  amount  of  slag  that  the  con- 
tinuity of  the  metal  is  seriously  aflPected  and  the  permeability  of  the 
mass  is  not  very  high.  Such  are  the  specimens  of  "Farnley  Iron,'* 
marked  here  "F,"  the  "Taylor  Iron"  and  the  "Best  Refined  Iron," 
which  show  low  values  of  /  in  moderate  fields.  It  is  possible  to  get  in 
the  open  market,  "Norway  Iron"  of  great  purity.  One  specimen 
which  I  used  showed,  upon  analysis,  no  nickel,  cobalt,  manganese  or 
tungsten.  It  contained  less  than  0.03%  of  carbon,  less  than  0.047% 
of  phosphorus,  less  than  0.03%  of  silicon  and  less  than  0.003%  of 
sulphur.  This  however  does  not  compare  in  purity  with  the  "  Ameri- 
can Ingot  Iron, "  which  contains  less  than  0.03%  of  impurities  all  told, 
and  shows  a  very  remarkable  micrograph. 

Our  specimens  of  this  iron  were  very  kindly  furnished  by  Doctor 
Percy  W.  Bridgman,  who  has  been  using  this  material  in  some  of  his 
experiments  upon  the  beha\aor  of  metals  under  very  high  pressures. 
Plate  II  shows  micrographs  of  t\\o  pieces.  The  first  was  in  the  nor- 
mal state;  the  second  had  been  exposed  by  Dr.  Bridgman  to  a 
hydrostatic  pressure  of  17000  atmospheres  for  about  16  hours  I  The 
magnification  is  120  diameters. 
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TABLE  V. 
Values  opthb  Maqnbtization  Vbctor  in  Various  Kinds  of  Iron. 


No. 

Material. 

Diameter. 

B 

I 

1 

"Taylor  Iron" 

0.975 

2490 

1645 

2 

"Taylor  Iron" 

0.998 

2685 

1654 

3 

Bessemer 

1.266 

2695 

1663 

4 

Bessemer 

1.269 

2675 

1687 

5 

Bessemer 

1.269 

2790 

1677 

6 

Bessemer 

0.950 

2880 

1671 

7 

Bessemer 

0.950 

2825 

1666 

8 

Bessemer 

1.269 

2370 

1685 

9 

Bessemer 

0.634 

2800 

1673 

10 

Bessemer 

0.632 

2730 

1727 

11 

"American  Ingot  Iron" 

1.277 

2760 

1708 

11 

"American  Ingot  Iron" 

1.277 

4395 

1711 

12 

"American  Ingot  Iron" 

1.279 

2780 

1725 

12 

"American  Ingot  Iron" 

1.279 

4545 

1735 

13 

Norway 

1.078 

2865 

1686 

14 

Norway 

0.969 

2885 

168:; 

15 

Norway " 

1.302 

2770 

1661 

16 

Norway 

1.280 

2770 

1727 

16 

Norway 

1.280 

4360 

1742 

17 

Norway 

0.294 

2970 

1735 

18 

"Cold  Rolled  Shafting" 

1.269 

2680 

1693 

19 

"Cold  RoUed  Shafting" 

1.269 

2740 

1678 

20 

"Best  Refined  Iron" 

1.280 

2740 

1620 

21 

"Best  Refined  Iron" 

0.999 

2825 

1589 

22 

"Best  Refined  Iron" 

1.002 

2690 

1611 

23 

Drill  Rod 

0.794 

2790 

1533 

24 

"R" 

2810 

1637 

25 

"F" 

0.968 

2665 

1627 

Mr.  Herbert  M.  Boylston,  of  Messrs.  Sauveur  &  Boylston,  who  has 
most  kindly  examined,  under  the  microscope,  the  polished  and  etched 
specimens  of  these  irons,  reports  that  Nos.  1,  2,  11,  12,  14,  20,  21,  22, 
and  25  contain  little,  if  any  carbon.  Of  the  Bessemers,  with  which 
"R"  must  be  reckoned.  No.  6  contains  only  about  0.05%  of  carbon, 
while  No.  10  which  has  a  high  specific  magnetbm  has  0.15%  and 
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each  of  the  other  pieces  about  0.10%.  The  Drill  Rod  has  about 
1.10%  of  carbon;  the  specimen,  which  is  of  very  fine  grain,  has  no 
slag  and  shows  simply  sorbite,  pearlite,  and  some  cementite  in  fine 
net  work. 

Nos.  1,  2,  20,  21,  22,  24,  and  25  contain  considerable  slag,  and  this 
is  in  comparatively  large  masses  in  portions  of  the  "Refined  Iron. 
The  relatively  small  amount  of  slag  in  the  Norway  Irons  is  in  fine 
particles  distributed  through  the  mass.  Nos.  11,  and  12  seem  to  be 
simply  ferrite. 

Table  VI  gives  some  corresponding  values  of  H  and  /  for  the  speci- 
men of  American  Ingot  Iron,  known  as  No.  12. 


TABLE  VI. 

B. 

I. 

Bit. 

40.5 

1343 

0.030 

68.8 

1398 

0.049 

129.9 

1476 

0.088 

229.8 

1570 

0.146 

271 

1597 

0.170 

399 

1660 

0.240 

457 

1684 

0.271 

871 

1715 

0.607 

1126 

1717 

0.655 

1569 

1719 

0.913 

2288 

1724 

1.323 

2747 

1727 

1.589 

4543 

1735 

2.620 

It  is  well  known  that  if  a  relatively  stout  rod  of  soft  iron  be  exposed 
to  a  strong  field  in  a  solenoid  and  if  the  magnetizing  current  be  very 
suddenly  broken,  the  direction  of  the  residual  magnetism  in  the  rod 
may  be  opposite  in  sign  to  what  it  was  when  the  current  was  running. 
If  the  rod  be  enclosed  in  a  thick  walled  copper  tube  within  the  solenoid, 
this  reversal  never  takes  place  and  the  sign  of  the  residual  magnetism 
is  always  normal.  The  moment  of  the  rod  under  the  new  field  is 
often  larger  when  the  current  is  suddenly  reversed  than  when  it  is 
slowly  reduced  to  zero  through  a  constantly  growing  resistance  before 
the  switch  is  thrown  over  and  then  gradually  brought  to  its  new 
strength,  or  when  the  change  is  made  less  violent  by  eddy  currents 
induced  in  a  thick  copper  shell  around  the  specimen.  Though  it 
seemed  possible  that  the  results  given  in  this  paper  might  be  slightly 
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affected  by  this  so-called  von  Waltenhofen  phenomenon,  we  could 
not  discover  the  least  difference  in  our  results  whether  the  rod  to  be 
used  was  or  was  not  surrounded  by  a  thick  copper  tube,  though  the 
tube  makes  the  throws  a  trifle  more  regular. 

It  is  well  known,  also,  that  under  low  excitations,  the  magnetic 
moment  acquired  by  a  rod  in  a  solenoid  under  a  given  final  excitation 
may  be  much  increased  if  the  rod  be  constantly  tapped  while  the  mag- 
netic changes  are  taking  place.  So  far  as  we  can  make  out  this  effect 
is  entirely  lacking  at  very  high  excitations.  We  used  a  large  electric 
tapping  apparatus  made  by  Mr.  Coulson  to  give  many  sharp  blows 
per  second  to  a  brass  rod  butted  upon  the  specimen  in  the  solenoid, 
and  Table  VII  shows  characteristic  results. 


TABLE  VII. 

Current. 

Flux  Change  when  the 
Iron  wsa  undiiturbed. 

Flux  Change  when  the 
Iron  was  tapped. 

4.85 

939a 

938a 

8.95 

974a 

974a 

30.2 

1013a 

1013a 

Some  years  ago  I  encountered  three  specimens  of  very  pure  Norway 
Iron,  each  of  which  showed  a  very  high  specific  magnetism,  when 
tested  by  a  modification  of  the  Isthmus  Method.  Each  piece  was 
about  8  cms.  long  and  1.26  cms.  in  diameter.  They  were  presumably 
from  different  sources. 

TABLE  VIII. 


Specimen, 

Exciting  Field. 

/. 

1 

2500 

1733 

2 

2400 

1738 

3 

2350 

1751 

Each  of  these  numbers  comes  from  a  series  of  closely  consistent  values 
for  different  field  strengths,  and  I  have  no  reason  to  think  that  the 
determinations  were  not  good,  but  I  consider  the  probable  error  some- 
what greater  in  all  work  I  have  done  with  isthmuses  than  with  such 
experiments  as  I  have  made  with  larger  specimens,  with  the  help  of  a 
solenoid. 

A  single  slender  isthmus  cut  from  the  bar  from  which  No.  2  in 
this  table  was  taken,  gave  the  very  large  value  1796  for  /  in  fields 
above  6000,  but  other  larger  pieces  from  the  same  bar  showed  lower 
values  for  7.    According  to  my  experience  very  small  bits  taken  from 
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Exciting  Field. 

Figure  8  shows  the  form  of  the  curve  obtained  by  plotting  the  reciprocal 
of  the  susceptibility  of  soft  iron  against  the  intensity  of  the  exciting  field. 
The  ratio  of  the  abscissa  of  any  point  of  the  curve  to  the  corresponding  ordinate 
is  less  than  the  final  value  of  i ,  and  the  tangent  of  the  angle  which  the  tangent 
to  the  curve  makes  with  the  ordinate  axis  is  greater  than  this  value  except 
for  small  values  of  H, 


Figure  9.  This  curve  shows  the  results  of  observations  made  by  DuBois 
upon  an  ellipsoidal  piece  of  soft  iron  18  cms.  long  and  0.6  cms.  in  diameter  at 
the  middle. 
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closely  adjacent  regions  of  the  same  bar  may  have  very  different 
specific  magnetisms,  owing  perhaps  to  differently  arranged  inclusions 
of  slag.  It  is  certain  that  pieces  cut  across  the  direction  of  the  rolling 
often  show  different  permeabilities  from  those  of  pieces  cut  in  the 
same  region  in  the  direction  of  the  length  of  the  bar.     Gumlich  found 


Figure  10.  This  Figure  shows  the  results  of  observations  made  by  Roessler 
upon  an  ellipsoidal  piece  of  soft  iron  50  cms.  long  and  1  cm.  in  diameter  at  the 
center. 

a  piece  of  soft  "Steirisches  Eisen"  about  3  cms.  long  and  about  3  mm, 
in  diameter  which  also  showed  the  value  1796  for  /. 

There  seems  to  be  no  doubt,  therefore,  that  some  specimens  of  soft 
iron  are  to  be  found  which  have  materially  higher  maximum  values 
of  /  than  had  the  specimen  used  as  a  standard  by  Messrs.  Hadfield 
and  Hopkinson.  Four  different  observers,  using  solenoids  for  mag- 
netizing their  test  pieces,  and  seven  persons  using  other  methods  have 
thought  that  they  met  with  such  pieces.  This  fact  does  not,  of  course, 
make  the  work  of  Messrs.  Hadfield  and  Hopkinson  any  the  less  valu- 
able, but  it  shows,  I  think,  since  some  pieces  which  contain  consider- 
able quantities  of  FeaC,  have  given  values  of  /  above  1720,  that 
material  bought  in  the  open  market  cannot  be  expected  to  obey  the  law 
which  the  series  of  steel  pieces  from  the  Hecla  Works  follow. 

Still,  the  majority,  perhaps,  of  pieces  of  iron  and  steel  bought  at 
random  will  have  specific  magnetisms  not  very  different  from  the 
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values  given  as  a  result  of  experiments  upon  these  beautiful  test 
pieces. 

If  a  series  of  observations  be  made  by  the  Method  of  Reversals, 
upon  a  piece  of  iron  originally  in  a  neutral  state,  and  if  the  permeabil- 
ity and  the  susceptibility  obtained  in  this  way  be  plotted  against  the 


Figure  1 1  shows  the  results  of  observations  made  m  the  Jefferson  Laboratory 
upon  a  rod  of  Norway  Iron.  For  excitations  up  to  about  400,  the  specimen 
was  magnetized  in  a  solenoid.  For  more  intense  fields,  the  determmations 
were  made  by  a  modification  of  the  Isthmus  Method. 

intensity  of  the  exciting  field,  those  portions  of  the  resulting  curves 
(Figure  7)  which  corresjx)nd  to  large  values  of  H  resemble  h^-perbolas 
which  have  the  x  and  the  y  axes  as  as>Tnp totes.  A  generation  ago, 
therefore,  it  seems  to  have  occurred  to  a  number  of  persons  at  about 
the  same  time,  that  if  the  reciprocals  of  the  permeability  and  of  the 
susceptibility  were  plotted  against  //,  the  curves  must  become  finally 
more  or  less  straight.  It  appeared  upon  trial  that  for  values  of  H 
larger  than  100,  say,  the  reluctance  gives  a  line  only  slightly  convex 
upwards,  and  that  the  reciprocal  of  the  susceptibility  which  for 
comparatively  weak  fields  has  the  general  shape  shown  in  Figure  8 
becomes  very  nearly  coincident  with  a  straight  line  drawn  through 
the  origin  under  high  excitation.  This  last  function  has  been  found 
useful  by  Professor  Kennelly  in  his  paper  upon  the  relation  between 
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Figure  12  represents  observations  made  in  the  Jefferson  Laboratory  upon 
a  second  specimen  of  Norway  Iron. 


Figure  13.  This  Figure  shows  results  obtained  from  tests  made  upon  a 
specimen  of  Bessemer  steel.  8.0  cms.  long  and  1.26  cms.  in  diameter.  For 
low  excitations  the  tests  were  made  in  a  long  slender  solenoid.  For  higher 
fields  a  modification  of  the  Isthmus  Method  was  used. 
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B  and  H  in  fields  *  of  commercial  strength.  It  is  clear  from  the 
curve  in  Figure  8  the  ordinates  of  which  are  H/I  =  1/k,  that  the  ratio 
of  the  abscissa  of  any  point  of  the  curve  to  its  ordinate  always  yields  a 
value  of  /  somewhat  less  than  the  saturation  value,  whereas  the 
slope  against  the  ordinate  axis  of  the  tangent  of  the  curve,  after  H 


Figure  14.  This  Figure  is  plotted  form  the  observations  made  in  the  Jeffer- 
son Laboratory  upon  a  piece  of  "American  Ingot  Iron"  magnetized  in  the 
solenoid.    The  piece  was  100  cms.  long  and  1.279  cms.  in  diameter. 

equals  perhaps  200,  is  always  greater  than  /.  Such  curves  as  this 
are  especially  useful  when  one  wishes  to  study  the  saturation  values 
of  the  magnetization  in  iron  or  steel. 

Figures  9  and  10  show  the  results  of  plotting  the  reciprocals  of  the 
susceptibilities  obtained  by  DuBois,  and  Roessler  in  their  experi- 
ments already  described. 

5  Lenz  and  Jacobi,  Pogg.  Ann.  47,  1839;  Mueller,  Pogg.  Ann.  79,  1850; 
Von  Waltenhofen,  WienerBerichte,  62,  1865;  Lamont,  Handbuch  d.  Magne- 
tismus,  p.  41;  Sohncke,  Elektrotechnische  Zeitschrift,  1883;  Ruths,  Ueber  d. 
Magnetismus  weicher  Eisenxylinder,  1876;  Froelich,  Elektrotechnische 
Zeitschrift,  1881,  1882,  1894;  Kennelly,  Trans.  Am.  Inst.  El.  Eng.  8;  Stein- 
metz,  Elektrotechnische  Zeitschrift,  18,  1892;  Muellendorf,  Elektrotechnische 
Zeitschrift,  22,  1901;  28,  1902;  Kapp,  Electrician,  18,  1886;  Winkelmann's 
Handbuch  der  Physik,  V,  p.  200:  Walter,  Drude  Ann.  14,  1904;  Czermak 
and  Hausmaninger,  Wiener  Berichte,  98,  1889;  Du  Bois,  Wied.  Ann.  61,  1894; 
Fromme,  Wied.  Ann.  18, 1881;  88, 1888. 
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Figures  11»  12  and  13  reproduce  the  results  of  a  series  of  meas* 
urements  made  two  or  three  years  ago  in  the  Jefferson  Laboratory 
upon  specimens  of  Bessemer  steel  and  of  Norway  Iron.  For  excita- 
tions up  to  about  400  the  specimens  were  magnetized  in  a  slender 
solenoid  about  five  meters  long,  but  for  stronger  fields  a  modification 
of  the  Isthmus  Method  was  employed.  Figure  14  shows  some 
measurements  made  lately  upon  a  specimen  of  American  Ingot 
Iron  magnetized  in  the  shorter  solenoid  described  above.  Such 
curves  become  practically  straight  for  much  weaker  fields  in  the 
case  of  some  irons  than  in  others. 

I  wish  to  express  my  great  obligation  to  the  Trustees  of  the  Bache 
Fund  of  the  National  Academy  of  Sciences  for  the  loan  of  some  of 
the  apparatus  used  in  making  the  observations  mentioned  in  this 
paper. 

The  Jefferson  Pptsical  Laboratory, 
CambriDqe,  Mass. 
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Plate  3. 
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BUDDHAGHOSA'S  TREATISE  ON  BUDDHISM, 
ENTITLED  THE  WAY  OF  SALVATION. 
ANALYSIS  OF  PART  I,  ON  MORALITY. 

Bt  Charles  Rockwbll  Lanman. 
Presented  January  11,  1911.     Received  January  25,  1913. 

Among  the  great  Buddhist  writers  upon  Buddhism,  Buddhaghosa 
stands  preeminent.  His  most  important  works  are  the  treatise  on 
Buddhism  entitled  The  Way  of  Salvation  or  Visuddhi-magga,  and 
his  four  commentaries,  one  upon  each  of  the  four  principal  Nikayas 
or  'Collections'  of  the  canonical  scriptures  of  Buddhism,  the  Digha- 
nikaya,  the  Majjhima,  the  Sai]yutta,  and  the  Anguttara.  Of  these  his 
chief  works,  the  Visuddhi-magga  stands  first  in  importance  as  abo  in 
order,  and  is  presupposed  by  the  others  and  referred  to  by  them. 
It  was  composed  in  the  sacred  language  of  Buddhism,  the  Pali,  and 
was  written  by  him  at  the  Maha-Vihara  or  Great-Monastery  of  Ceylon 
in  or  about  410  A.  D.,  that  is,  some  nine  centuries  after  the  death  of 
Buddha.  For  a  millennium  and  a  half  it  has  maintained  itself  as  a 
masterly  and  authoritative  work.  It  has  been  copied  upon  pahn- 
leaves  times  without  number;  and  the  entire  text  has  recently  been 
edited  by  the  Saya  U  Pye,  and  published  in  Burmese  letters  in  Ran- 
goon, once  in  1901,  and  again  in  1909-1910;  and  a  part  of  it,  books 
1-13,  has  been  issued  in  Cingalese  letters  by  Dhammaratana  at  Co- 
lombo, Ceylon,  1890-1909.  It  is  a  lengthy  treatise.  The  Saya's  first 
edition  extends  over  618  large  octavo  pages  of  30  lines  to  the  page. 
It  was  the  hope  of  my  beloved  and  unforgotten  friend  and  pupil,  the 
late  Henry  Clarke  Warren,  to  make  an  edition  and  translation  of  the 
work,  and  it  has  fallen  to  me  to  endeavor  to  finish  the  large  and  diflS- 
cult  task  interrupted  by  his  death. 
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The  Way  of  Salvation  has  three  principal  parts: 

I.  Morality  (books  1-2); 

II.  Concentration  (books  3-13) ;  and 

III.  The  Higher  Wisdom  (books  14-23). 

For  the  purposes  of  Occidental  students,  the  native  di\ision  into 
twenty-three  books  is  of  great  value.  Unfortunately,  there  are  no 
original  numbered  native  subdivisions  of  the  books.  To  supply  such 
subdivisions  is  a  matter  of  great  importance,  not  only  for  making  it 
I>ossible  to  cite  the  work  with  convenience  and  precision,  but  also  for 
facilitating  the  study  of  the  work  and  in  particular  the  comprehension 
of  the  logical  relation  of  the  different  parts.  It  is  extremely  desirable 
that  these  subdivisions  should  be  made  so  circumspectly  and  success- 
fully that  future  editors  will  not  be  tempted  to  change  them  and  so 
to  defeat  the  purposes  of  their  predecessors  who  shall  cite  the  work 
according  to  the  subdivisions  of  the  first  Occidental  edition. 

The  first  duty  of  an  editor  is  to  understand  his  text,  and  this  is  true 
whether  he  means  to  subdivide  it  rightly  or  not.  But  the  subdivisions 
cannot  rightly  be  made  without  such  an  understanding.  And  on  the 
other  hand,  the  very  making  of  them  forces  the  editor  to  come  to  a 
clear  comprehension  of  the  purpose  of  each  constituent  part  of  his  text. 
This  last  is  accordingly  tantamount  to  making  an  analytical  table  of 
contents,  and  of  such  a  table  the  subdivisions  are  of  course  an  implicit 
and  essential  feature.  It  is  indeed  not  possible  to  make  a  logical  and 
orderly  analysis  of  an  illogical  and  disorderly  book.  Buddhaghosa's 
discussion  is  of  absolutely  logical  and  orderly  sequence,  but  it  is  never- 
theless at  times  extraordinarily  complicated  and  difficult.  Thus  for 
the  editor's  purposes  during  the  progress  of  so  large  a  work,  a  printed 
analysis  is  an  almost  indispensable  necessity.  Besides  all  this,  the 
analysis  is  valuable  to  students  of  Buddhism  at  large  as  a  provisional 
report  of  the  contents  of  a  practically  inaccessible  treatise.  It  is 
true  that  what  is  here  given  covers  only  a  portion  of  the  work,  but 
that  portion  makes  a  complete  whole  by  itself.  For  these  reasons 
I  have  deemed  the  publication  of  the  Analysis  of  Part  I.  to  be  abun- 
dantly justified. 


Titles  of  the  several  books  of  the  Visuddhi-maggra. 

Part  I. —  Sila,  Morality. 
Book 

1  SHarNiddesa 

2  Dhutanga-Niddesa 
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Part  II. —  Samadhi,  Concentration. 
Book 

3  Kammatth&naggahana-Niddesa 

4  Pathavlkasina-Niddesa 

5  Sesakasina-Niddesa 

6  Asubhakammatth^a-Niddesa 

7  Cha-anussati-Niddesa 

8  AnussatikammatthUna-Niddesa 

9  Brahmavihfira-Niddesa 

10  Anippa-Niddesa 

11  Samfidhi-Niddesa 

12  Iddhividha-Niddesa 

13  AbhiMa-Niddesa 

Part  III. —  PaJWJa,  the  Higher  Wisdom. 

14  Khandha-Niddesa 

15  Ayatana-Dhatu-Niddesa 

16  Indriya-Sacca-Niddesa 

17  PaftfiabhOmi-Niddesa 

18  DiUhi-visuddhi-Niddesa 

19  Kaukhavitarana-visuddhi-Niddesa 

20  Maggamagga-Mnadassana-visuddhi-Niddesa 

21  Patipada-fianadassana-visuddhi-Niddesa 

22  f^gpadassana-visuddhi-Niddesa 

23  Pafl£Labhavanaiiisai)sa-Niddesa 

Distribution  of  the  40  Kammalithinas  over  Books  4  to  11. 

Book 

1  Morality 

2  The  pure  practices  —  Appendix  to  book  1 

3  The  undertaking  of  the  [40]  businesses  or  kammatth&nas 

4  The  earth -kasina  [1]  \  w 

5  The  remaining  [9]  kasinas  j 

6  The  [10]  unpleasant  businesses  \  10 

7  The  [first]  6  contemplations:  Buddha,  dhamma,  etc.  1 

8  The  [4]  others:  death,  body,  breathing,  nibbftna  J 

9  The  [4]  exalted  states 

10  The  [4]  formless  realms 

11  The  [1]  realization  of  the  repulsiveness  of  food 
The  [1]  analysis  into  the  four  elements 
The  five  advantages  of  concentration 

12  The  five  supernormal  powers:   1.  iddhi  1  .  ,.         y^,    ^^- 

13  The  other  4  (hearing,  thought-reading,  etc.)  J  *^ 
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Analysis  of  The  Way  of  Saltation. 

Book  1. —  Morality. 

i 

1  Stanza,  uttered  by  The  Exalted  One,  which  is  both  text  and  substance  of 

the  whole  work 
The  question,  put  by  some  deity,  to  which  that  stanza  was  the  answer 

2  Brief  comment  on  the  text  of  the  deity's  question 

3  The  answer,  now  in  its  proper  sequence,  is  repeated 

4  Buddhaghosa's  preface,  in  five  stanzas,  to  the  Visuddhi-magga 

5  Comment  on  the  title,  Visuddhi-magga 

6  Brief  comment  on  The  Exalted  One's  stanza.    It  implies  six  things  as  re- 

quisite for  Nibb&ia:  Morality,  Concentration,  mother-wit  and  skill  and 
the  Higher  Wisdom,  and  strenuousness 
Allegory:  the  man  with  the  cleaver 

7  Since  mother-wit  does  not  have  to  be  acquired,  and  on  the  other  hand 

since  strenuousness  merely  implies  constancy  and  since  skill  merely  im- 
plies heedf ulness, —  therefore  it  is  under  the  heads  of  t}ie  three  remaining 
things  —  Morality  and  Concentration  and  Higher  Wisdom — that  Buddha 
in  this  stanza  sets  forth  the  way  of  salvation 

8  These  three  heads  form  a  triad  which  suggests  nine  triads  akin  with  it, 

each  also  conducive  to  Nibbftna.  Each  member  of  the  primary  triad  — 
Morality  and  Concentration  and  Higher  Wisdom  —  suggests  respectively 
one  member  of  each  of  the  nine  triads 

9  Triad  1.  of  higher  disciplines:  discipline  of  the  Higher  Morality,  discipline 

of  the  Higher  Concentration,  discipline  of  the  Higher  Wisdom 

10  Triad  2.  of  beauties  or  beneficialnesses:   beneficialness  of  The  Religion 

at  the  outset,  in  its  course,  and  in  its  consummation 

11  Triad  3.  of  bases:  Morality  is  basis  of  the  three  vijjfts;  Concentration  is 

basis  of  the  six  supernormal  powers;  wisdom  is  basis  of  the  four  pa^i- 
sambhid2s 

12  Triad  4.  of  avoidances  and  practice:    avoidance  of  two  extremes  (low 

pleasures  and  self-mortification)  and  practice  of  the  golden  mean  (middle 
path) 

13  Triad  5.  of  means  of  escape:  escape  from  hell,  from  the  world  of  sense, 

from  all  existences 

14  Triad  6.  of  abandonments  of  evil  tendencies:  abandonment  of  their  ele- 

ments, abandonment  by  temporary  stopping,  abandonment  by  extirpation 

15  Triad  7.  of  forces  counteracting  the  evil  tendencies:  forces  counteracting 

actual  transgression,  counteracting  the  arising  of  the  tendencies,  coimter- 
acting  the  last  residue  of  them 

16  Triad  8.  of  cleansings  from  minor  evil  tendencies:  of  behavior,  of  lusts, 

of  false  views 

17  Triad  9.  of  instrumentalities:  for  attaining  the  First  and  Second  Path, 

the  Third  Path,  the  Fourth  Path 

18  Siunmary  of  the  nine  triads  and  suggestion  of  others 
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19  Seven  questions  which  form  the  frame-work  of  the  discussion  of  Morality 

1.  What  is  morality?    [discussed  at  §20] 

2.  What  is  the  etymological  import  of  the  word  morality?    [§21] 

3.  What  is  its  characteristic,  its  essence,  its  manifestation,  etc.  [§22] 

4.  What  are  its  advantages?    [§23-§24] 

5.  How  many  kinds  of  it  are  there?    [§25  -  §126]  ^ 

6.  How  is  it  defiled?    [§128- §129] 

7.  How  is  it  kept  undefiled?    [§130  -  §134] 


20  Question  1:  What  is  morality?  It  is  the  thought  and  the  mental  attributes 
and  the  restraint  and  the  non-transgression  of  one  who  refrains  from  sin 
and  fulfils  his  duties.    Proof  from  the  Patisambhidfi-magga 


21  Question  2:  What   is  the  etymological   meaning   of   morality    (dla)? 
It  is  a  being  moral  (sllana)  in  the  sense 
either  of  a  reposefulness  of  body  and  voice  and  mind 
or  of  a  basis  of  good  states  of  mind 


22  Question  3:  What  is  its  characteristic,  its  essence,  its  manifestation,  its 
inmiediate  basis? 

Its  characteristic  (lakkhai^a)  is  a  being  moral 

Its  essence  (rasa),  in  the  sense  of  function,  is  to  put  an  end  to  bad  morals 
Its  essence  (rasa),  in  the  sense  of  success,  is  blamelessness 
Its  manifestation  (paccupatfh&na)  is  purity  of  body  and  speech  and  mind 
Its  inmdediate  basis  (padatfh&na)  is  self-respect  and  respect  for  others 


23  Question  4:  What  are  the  advantages  of  morality?    They  are:  absence  of 

remorse;  five  others  (cited  from  the  Digha),  wealth,  good  name,  self- 
confidence  in  public,  a  serene  death,  and  a  happy  hereafter;  and  others 

24  The  advantages  of  morality  —  sunmiary  in  verse  —  10  stanzas 

1  As  appears  from  these  section-numbers  and  from  the  sequel,  the  discus- 
sion of  this  fifth  question  forms  the  bulk  of  book  1;  and  of  this  discussion, 
the  treatment  of  Tetrad  4  (see  p.  155  and  note)  forms  by  far  the  largest  part, 
just  one  half  of  the  whole  book. 
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I 
25-126  Discussion  of  the  fifth  question  [forming  the  bulk  of  book  1] 

25  Table  of  contents  of  the  discussion  of  the  fifth  question 
Question  5:  How  many  kinds  of  morality  are  there?    Morality  is 

Of  one  kind  in  one  aspect  (one  monad)  [§26] 
Of  two  kinds  in  each  of  seven  aspects  (seven  dyads)  [§27- §33] 
Of  three  kinds  in  each  of  five  aspects  (five  triads)  [§34- §39] 
Of  four  kinds  in  each  of  four  aspects  (four  tetrads)  [§40-§113] 
Of  five  kinds  in  each  of  two  aspects  (two  pentads)  [§114-§126] 

26  Morality  is  of  one  kind  if  viewed  — 
Monad  1.  and  sole  —  as  a  being  moral 

27  Morality  is  of  two  kinds  if  viewed  — 

Dyad  1. —  as  a  conforming  with  positive  rules  of  conduct  (precepts) 
or  with  negative  rules  of  conduct  (prohibitions) 

28  Dyad  2. —  as  a  conforming  with  the  minor  precepts 

(of  the  Khandhaka:  that  is,  Mah£lvagga  and  Cullavagga) 

or  with  the  major  precepts 

(of  the  Bhikkhu-  and  Bhikkhunl-vibhafiga) 

29  Dyad  3. —  as  abstention  from  killing  etc. 

or  as  all  the  five  kinds  of  morality  except  such  abstention: 

to  wit,  abandonment,  volition,  restraint,  non-transgression:  §125 

30  Dyad  4. —  as  interested  or  as  disinterested 

31  Dyad  5. —  as  undertaken  to  be  practised  for  a  part  of  life 

or  as  undertaken  to  be  practised  until  the  end  of  life 

32  Dyad  6. —  as  violable  (for  the  sake  of  gain  etc.)  or  as  inviolable 

33  Dyad  7. —  as  ordinary  or  as  transcendental 

34  Morality  is  of  three  kinds  if  viewed  — 

Triad  1. —  as  inferior  or  as  middling  or  as  superior 

35  Triad  2. —  as  practised  out  of  respect  for  one's  self  or  for  others  or 

for  the  moral  law 

36  Triad  3. —  as  interested  (that  is,  motivated  by  some  bad  desire  or  view) 

or  as  disinterested  (that  is,  unmotivated  by  such  desire  or  view) 
or  as  tranquilized  (that  is,  as  being  beyond  the  sphere  of  such  disturbing 
influences,  because  it  has  reached  its  goal) 

37  Triad  4. —  as  pure  or  as  impure  or  as  doubtful 

SS  Triad  5. —  as  sekkha  (that  is,  as  the  morality  of  those  who  have  attained 
the  four  Paths  and  three  Fruits) 
or  as  a-sekkha  that  is,  as  the  morality  of  those  who  have  attained  Arahat- 

ship,  the  fourth  Fruit) 
or  as  the  morality  of  those  who  have  not  yet  attained  even  the  first  Path 
39  The  Pa^isambhida-magga  speaks  of  good  and  bad  and  indifferent  sila; 
but  since  slla  there  means  'disposition,'  and  since  it  means  'morality'  in 
this  discussion  (which  is  not  about  bad  morals),  therefore  this  triad  is  not 
brought  in  here 
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40  Morality  is  of  four  kinds  if  viewed  — 
Tetrad  1. —  as  tending  to  inferiority 

or  as  tending  to  a  remaining  in  statu  quo 
or  as  tending  to  some  special  Attainment 
or  as  tending  toward  a  penetration  of  the  Truths 

41  Tetrad  2. —  as  a  keeping  of  precepts  that  concern  the  monks 

or  as  a  keeping  of  precepts  that  concern  the  nuns 

or  as  a  keeping  of  precepts  that  concern  the  male  and  female  novices 

or  as  a  keeping  of  precepts  that  concern  the  lay  followers 

42  Tetrad  3. —  as  natural,  that  is,  as  not  the  fruit  of  training 

or  as  an  aggregate  of  customary  practices 

or  as  the  ways  of  the  mother  of  one  destined  to  become  a  Buddha 

or  as  the  fruit  of  elevated  morahty  in  former  births 

43  Tetrad  4. —  as  depending  on  restraints  enjoined  by  the  Patimokkha:  ^ 

(first  kind)  p5timokkha-sar)vara-8iIa;   quotation  1  (from  XTjh.  244): 

idha  bhikkhu  patimokkha-sar)vara-saT)vuto  viharati, 

2kcarargocara-sampanno 

anu-mattesu  vajjesu  bhaya-dassavl,  sam^ftya  sikkhati  sikkhftpadesu; 

or  as  depending  on  the  restraint  of  the  senses: 

(second  kind)  indriya-aagvara-slla;  quotation  2  (from  M.  1.180"): 
so  cakkhung  rOpar)  disva,  na  nimittaggahl  hoti. . . 
manindriye  sagvarar)  apajjati  (to  M.  1. 181*); 

or  as  ensuring  a  blameless  livelihood : 

(third  kind)  fijlva-parisuddhi-slla;  quotation  3  (from  Vbh.  345) : 
kuhanfi,  lapanS,  nemittikata,  nippesikatS, 
lEbhena-l^bhar)  -ni  j  igir)  sanat^ ; 

or  as  a  using  of  the  everyday  necessaries  of  life  in  the  right  spirit: 
(fourth  kind)  paccaya-sannissita-slla;  quotation  4  (from  M.  1.  10*): 
patisal)kh&  yoniso  civarar)  pa^isevati  . . .  pindap^tai)  . . .  senSsanai)  . . . 
gil&napaccayabhesajjaparikkharai). .  .abyabajjha-paramataya(M.1.10"). 

44-88  Discussion  of  the  four  kinds  of  morality  given  under  Tetrad  4,  (§43), 
consisting  of  commentary  and  explanation  and  stories  commingled: 
First  kind,  p&timokkha-sar)vara-«ila,  §44- §51 
Second  kind,  indriya-saT)vara-sIla,  §52-§57 
Third  kind,  ftjiva-pSrisuddhi-sIla,  §58-§76 
Fourth  kind,  paccaya-sannissita-slla,  §77- §88 

1  The  discussion  of  the  four  kinds  of  morality  comprised  under  the  fourth 
tetrad  occupies  sections  44  to  1 12  or  just  one  half  of  this  long  first  book.  Albeit 
of  absolutely  logical  and  orderly  sequence,  it  is  nevertheless  extraordinarily 
complicated,  and  I  have  therefore  made  this  part  of  the  analysis  somewhat 
ampler  than  the  rest,  in  order  to  a  quicker  and  better  understanding. 
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44-51  Discussion  of  morality  viewed  as  depending  on  the 
restraints  enjoined  by  the  rules  of  the  P&timokkha: 
Kind  1,  tetrad  4,  p&timokkha-8aT)yara-sIla: 
Cm  on  idha  bhikkhu. . .  sikkhftpadesu,  quotation  1,  §43,  from  Vbh.  244 

44  Cm  on  idha  bhikkhu  p&timokkhasar)vara8ar)vuto  viharati 
45-49  Cm  on  ftcara-gocara-sampanno 

45  Acara  explained  by  a  long  quotation  from  Vbh.  (246)  itself 

46  Gocara  explained  by  a  long  quotation  from  Vbh.  (246)  itself 

47  Acara  explained  (a  second  time)  by  two  quotations  from  Niddesa 

describing  misbehavior  1.  in  bodily  act  and  2.  in  word 

48  Acara  explained  (a  third  time)  by  Buddhaghosa,  following  some  cm 

49  Gocara  explained   (a  second  time)  in  its  three  varieties: 

1.  upanissaya;  2.  ftrakkha;  3.  upanibandha 

50  Cm  on  a^u-mattesu  vajjesu  bhayadassSvI . .  .sikkh&padesu 

61   The  Vbh.  passage  refers  literally  to  the  moral  man,  but  virtually  to  morality 

52-57  Discussion  of  morality  viewed  as  depending  on  the  restraint  of  the  senses : 
Kind  2,  tetrad  4,  indriyarsaQvarar^a: 
Cm  on  so  cakkhunft  rQpar)  disv&  *  *  *,  quotation  2,  §43,  from  M.1.18(F-181* 

52  Cm  on  so  cakkhun&  rQpai)  disvft. .  .n&iubyafijanagg&hl 

Neither  the  eye  nor  the  mind  sees;  the  mind  sees  through  the  ^e 

53  Story  of  Maha-Tissa  of  Moimt  Cetiya 

54  Cm  on  yatv&dhikarai^^am . . .  cakkhundriye  sai)varar)  fipajjati 

55  Interjected  discussion  of  'restraint  of  the  sense  of  sight,'  cakkhundriye 

sagvaro 
Incidental  analysis  of  the  process  of  cognition 
In  the  eye  there  is  neither  restraint  nor  absence  of  restraint 
But  at  a  certain  step  (javana)  of  the  process  there  may  be  non-restraint 

56  The  non-restraint  is  hkened  to  the  leaving  open  the  principal  gates  of  a  city 

Restraint  is  likened  to  keeping  them  well-closed 

57  The  same  discussion  applies  also  to  restraint  of  the  other  senses 
Morality,  in  so  far  as  it  depends  on  restraint  of  the  senses,  characterized 

58-76  Discussion  of  morality  viewed  as  ensuring  a  blameless  livelihood: 
Kind  3,  tetrad  4,  ajIva-piLrisuddhi-sIla: 

Cm  on  Buddhaghosa's  16  words  (plus  5  quoted  from  Vbh.  345)  at  §43: 
ya  pana  Sjlvahetu  pafifiattSnaT) . .  .idai)  ajIvapSrisuddhi-sIlai) 

58  Cm  on  four  of  the  16  words :  ajlvahetu  pafifiattanai)  channai)  sikkhapadfinai) : 

consisting  for  substance  of  six  precepts  from  Maha-vibhafiga  and  Bhik- 
khunl-vibhafiga  [see  §76  for  the  remaining  12  words] 

59  Explanation  of  the  5  words  (just  mentioned  as  quoted  from  Vbh.  345), 

kuhana  lapana  nemittikata  nippesikata 

labhena-labhai)  -ni  jigir)  sanata, 

by  means  of  five  quotations  from  the  text  (352)  of  the  Vbh.  itself 

Text  of  each  of  these  five  Vibhafiga  quotations 
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60-76  Cm  on  the  text  of  the  five  Vibhaiiga  quotations  of  §59 


60-66  Cm  on  the  quotation  (1.  of  §59)  explaining  kuhanft 

60  Cm  on  the  clause  l&bha-sakk&ra-siloka-sannissitassa  pftpicchassa  icchA- 

pakatassa 

61  The  next  clause,  beginning  paccaya-pafisevana-sarjkh&tena,  suggests 

three  kinds  of  un-straightforwardness,  as  mentioned  in  Mahft-niddesa 

62  First  kind  of  unstraightforwardness,  namely  in  the  way  of  using  the  daily 

necessaries  of  life,  concretely  described  by  Buddhaghosa 

63  The  same,  as  described  by  a  long  quotation  from  Nd.  1.  207-208 

64  Second  kind,  namely  in  the  employment  of  roimdabout  talk, 

as  described  by  a  long  quotation  from  Nd.  1.  209-210 

65  Third  kind,  namely  in  general  carriage  and  bearing, 

as  described  by  a  quotation  from  Nd.  1.  208-209 

66  Verbal  cm  on  the  rest  of  the  kuhan^-quotation  (first  of  the  five  of  §59) 


67-70  Cm  on  the  quotation  (2.  of  §59)  explaining  lapanS 

67  Concrete  instance  of  ftlapani. 

Lapan&,  sallapanft,  uUapanft,  and  samullapan&  explained 

68  Concrete  instance  of  unnahanft.    SamunnahanS  explained 

69  Concrete  instance  of  ukkHcanS.    Samukkfican^  explained 

70  Anuppiya-bh&nitS,  cfifukamyata,  muggasupyat&,  pEribhafyatft  explained 


71-73  Cm  on  the  quotation  (3.  of  §59)  explaining  nemittikatft 

71  Explanation  of  nimitta,  nimitta-kamma,  obhilsa 

Concrete  instance  of  obhSsa-kanmia:   milch  cows  and  buttermilk-cows 
Roundabout  talk,  sSmanta-japp&:  a  concrete  instance  of  it: 

72  Interjected  story  of  the  monk  that  got  the  better  of  the  stingy  housewife 

73  Rest  of  the  explanation  of  s^manta-jappfi.    Explanation  of  parikathfi 


74  Cm  on  the  quotation  (4.  of  §59)  explaining  nippesikatft 
Akkosan&,  vambhanS,. .  .parapitthimar)sikat&  explained 


75  Cm  on  the  quotation*  (5.  of  §59)  explaining  labhena-labhai)-nijigir)sanat& 

Etthi  etc.  and  esana  etc.  explained 

76  Cm,  taken  up  again  from  §58,  on  the  remaining  twelve  of 

Buddhaghosa's  sixteen  words  at  §43: 

yS   b^ana]. .  .vitikkamassa. .  .evamadlnari    ca  pfipadhammllnai)   vasena 

pavattS  micchajlvfi  virati, —  idai)  Sjlvaparisuddhi-sllar) 
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77-88  Discussion  of  morality  viewed  as 

a  using  of  the  everyday  necessaries  of  life  in  the  right  spirit: 

Kind  4,  tetrad  4,  paccaya-sannissitanslla 

Cm  on  patisarjkha  yoniso  etc.,  quotation  4,  §43,  from  M.  1.  IC-IO" 

77  Cm  on  patisagkha  yoniso  clvarai)  patisevati 

yavatl  eva  sitassa  patighatHya,  unhassa  [patighStaya] 

78  Cm  on  dar)8a-makasa-vatatapa-sirir)papa-samphass£lnar)  [patigh&taya] 

79  Cm  on  yavad  eva  hirikopina-paticchadanatthai) 

80  Cm  on  (patisarjkha  yoniso]  pindapatai]  [patisevati] 

81  Cm  on  neva  davSya  na  madaya  na  mandanSya  na  vibhtisanSya 

82  Cm  on  yavad  eva  imassa  kSyassa  thitiyS  yapanaya 

83  Cm  on  vihigsiiparatiya  brahmacariyanuggahaya 

84  Cm  on  iti  puranafi  ca  vedanar)  pa^ihankhami 

navan  ca  vedanai)  na  uppadessami 

85  Cm  on  yatra  ca  me  bhavissati  anavajjata  ca  phasuviharo  ca 

86  Cm  on  [patisar)kha  yoniso]  senasanai]  [patisevati] . . . 

utuparissayavinodana-patisallanaramatthai) 

utu-parissaya  explained  1.  as  'weather-dangers'  (karmadharaya),  and 

2.  as  'the  weather  and  the  dangers'  (dvandva) 

87  Cm  on  [patisarjkha  yoniso]  gilanapaccayabhesajjaparikkharar)  [patisevati] 

88  Cm  on  [yavad  eva]  uppannanai)  veyyabadhikanai)  vedananar)  patighataya 

aby  abaji  haparamataya 

89-112  Four  means  of  attaining  the  four  kinds  of  morality  of  tetrad  4  (§43), 
Being  a  practical  appendix  to  sections  44-88: 

89-91  By  faith  (1.  saddha)  is  attained  patimokkhasar)vara-sIIa 

92-100  By  mindfulness  (2.  sati)  is  attained  indriyasar)vara-sila 

101-104  By  strenuousness  (3.  viriya)  is  attained  ajlvaparisuddhi-sila 

105-112  By  wisdom  (4.  paftM)  is  attained  paccayasannissita-slla 

89-91    Morality  dependent  on  the  restraints  of  the  Patimokkha  rules  requires 
Faith  in  the  moral  necessity  of  the  precepts 

89  Full  faith  therein  demands  that  one  keep  them  even  at  the  cost  of  life 

90  Stories  of  two  Elders  who  sacrificed  life  in  order  not  to  break  the  precepts 

91  Buddhaghosa  exhorts  to  give  up  life  rather  than  break  the  precepts  (stanza) 

92-100  Morality  dependent  on  the  restraint  of  the  senses  requires  mindfulness 

Therefore  this  restraint  of  the  senses  should  be  well  cultivated 
93  Corollary  1:  if  it  be  not  so  cultivated, 

then  not  even  the  morality  dependent  on  the  restraints  enjoined  by  the 

rules  of  the  Patimokkha  can  be  maintained 

Two  stanzas  in  negative  form  as  scriptural  proofs  therefor 
Corollary  2:  but  if  the  restraint  of  the  senses  be  so  cultivated 

that  not  so  much  as  a  thought  of  evil  enters  the  mind, 

then  the  aforesaid  morality  may  be  maintained 

The  same  two  stanzas  altered  to  positive  form 
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94-100  Practical  advice  with  concrete  exemplary  instances 

94  The  above  is  the  rigorously  strict  teaching 

The  mind  however  is  flighty.     Therefore,  as  did  Vafi^sa, 

one  should  repel  the  invasion  of  evil  thoughts  by  suitable  meditation 

95  Story  of  Vaflglsa  and  how  he  overcame  his  hot  sexual  passion 

96  A  monk  bent  on  restraining  his  senses  should  follow  Cittagutta's  example 

97  Story  of  Cittagutta,  who  lived  over  sixty  years  in  his  cave  without  ever 

even  noticing  a  lovely  wall-painting  of  the  Renunciation  of  the  Seven 
Buddhas 

98  Buddhaghosa's  exhortation  as  to  restraint  of  the  sense  of  sight — two  stanzas 

99  Story  of  MahSmitta,  who  had  never,  since  entering  the  Order,  looked  with 

lustful  thought  upon  a  woman 

100  Buddhaghosa's  advice  as  to  following  this  example  —  one  stanza 


101-104  Morality  as  ensuring  a  blameless  livelihood  requires  strenuousness 

101  A  monk  should  strenuously  avoid  any  blameworthy  way  of  getting  his 

daily  needs 
and  be  equally  strenuous  in  getting  them  in  a  blameless  way 
The  blameless  way  described 

102  For  a  monk  striving  after  this  kind  of  morality, 
four  things  are  in  certain  cases  allowable: 
Vague  hinting  (nimitta),  hinting  (obh&sa) 
Roimdabout  talk  (parikatha),  plain  talk  (vififiatti). 
In  the  case  of  clothing  and  food,  none  are  allowable 

In  the  case  of  lodgings,  the  first  three  are  commonly  allowable 
In  the  case  of  medicine,  all  four  are  allowable 
But  one  who  avoids  them  all  in  every  case  is  called 
*one  who  aims  at  the  ideally  simple  life'  —  such  as  was  Sariputta 

103  Story  of  Sftriputta  who  refused  the  milk-rice  that  would  have  cured  him, 
because  of  his  plain  talk  with  Moggallana; 

albeit  the  givers  learned  of  that  talk  only  through  a  deity 
Sariputta's  three  stanzas 

104  Buddhaghosa  urges  that  this  example  be  generally  followed  —  one  stanza 


105-112  MoraUty  as  a  using  of  the  everyday  necessaries  of  life  in  the  right  spirit 
requires  wisdom 

105  For  the  exercise  of  this  spirit  there  are  two  occasions: 

1 .  When  you  are  getting  these  daily  necessaries  (patilabharkale) 

2.  When  you  are  using  them  (paribhoga-kale) 

106  Four  ways  of  using  these  everyday  necessaries  of  life: 

1.  As  if  they  were  stolen  property  (thejrya) 

2.  As  if  they  were  borrowed  property  (ina) 

3.  As  if  they  were  an  inheritance  (dayajja) 

4.  As  if  you  were  the  master  (sami)  of  them 
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The  first  way  [Si 06  continued]  is  that  of  the  downright  immoral  person 

The  second  is  that  of  the  moral  man  when  he  fails  to  exercise  the  right  spirit 

107-108  Excursus. 

107:   How  to  avoid  the  offense  of  using  as  borrowed  property 

1.    Clothing;  2.  food;  3.  lodgings;  and  4.  things  for  the  sick 

In  case  4,  this  spirit  should  be  exercised  both  on  accepting  and  on  using 

If  you  fail  to  do  so  on  accepting,  you  may  atone  by  doing  so  on  using 

108:  For  there  are  four  procedures  for  rehabilitating  morality 

corresponding  each  respectively  to  the  four  kinds  in  §43: 

1.  Confession,  for  a  breach  of  p&timokkhasaQvara-sIla 

2.  Restraint,  for  a  breach  of  indriyasar)vara-slla 

3.  Right  seeking,  for  a  breach  of  fijlvap&risuddhi-dla 

4.  Exercise  of  the  right  spirit,  for  a  breach  of  paccayasannisita-slla 
From  this  follows  the  last  statement  of  $107 

109  The  third  way  (see  §106,  above)  is  that  of  those  who  have  reached  any 

of  the  first  seven  Attainments,  i.  e.  the  way  of  the  Sekhas 
For  these  are  sons  of  The  Exalted  One 
and  it  is  an  inheritance  from  him  of  which  they  are  partakers 
The  fourth  way  i^  that  of  those  who  have  reached  the  eighth  Attainment 
For  these,  the  Arahants,  having  passed  beyond  the  slavery  of  lusts, 
use  the  things  of  life  as  if  masters  of  them,  not  slaves 

110  The  fourth  way  and  the  third  way  are  meet  for  every  one 
Not  so  the  second  —  to  say  nothing  of  the  first 

Since  the  fourth  is  the  best,  a  monk  who  would  become  a  master 

should  exercise  this  right  spirit  as  explained  in  sections  77-88 
Scriptural  authorities  for  this  injunction  —  four  stanzas 

111  Story  of  the  novice,  SaQgharakkhita  the  Nephew,  who, 

by  thorough  exercise  of  this  spirit,  attained  to  Arahantship 

112  Therefore,  exhorts  Buddhaghosa,  any  who  aim  at  Nibb&na 
should  cultivate  this  spirit 

113  Thus  then  morality  is  of  four  kinds  if  viewed 

as  depending  on  the  restraints  enjoined  by  the  rules  of  the  Pfitimokkha 
and  so  forth  (as  in  §43) 


[Referring  to  the  last  line  of  the  Analysis  of  §25,  above] 
114-126  Morality  is  of  five  kinds  in  each  of  two  aspects:  if  viewed  — 
114-124  Pentad  1. —  as  a  conformity  with  the  precepts  on  the  part  of 
Five  classes:   1.  the  unordained;  2.  the  ordained; 
3.  the  Puthujjanas;  4.  the  Sekhas;  5.  the  Arahants 
126-126  Pentad  2. —  as  consisting  1.  in  a  getting  rid  of  killing  etc., 
2.  in  abstention,  3.  in  volition, 
4.  in  restraint,  5.  in  non-transgression 
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114  Morality  is  of  five  kinds  if  viewed  — 

Pentad  1. —  as  conformity,  on  the  part  of  the  iinordained, 

(kind  1 )  with  a  limited  body  of  precepts  (pariyanta-parisuddhinslla :   §115); 

or  as  conformity,  on  the  part  of  the  ordained, 

(kind  2)  with  an  unlimited  body  of  precepts  (apariyanta-p.-^a:   $115); 

or  as  a  conformity,  on  the  part  of  Puthujjanas, 

(kind  3)  which  is  complete  (paripun^a-p.-slla:  §117); 

or  as  a  conformity,  on  the  part  of  the  Sekhas, 

(kind  4)  which  is  disinterested  (aparfimatthap&risuddhi-^a:    $120); 

or  as  a  conformity,  on  the  part  of  the  Arahants, 

(kind  5)  which  is  concomitant  with  calm  (pa^ipassaddhi-p-HSIla:  $123). 

Buddhaghosa  gives  the  above  five  in  the  words  of  the  Patisambhidft 

115  For  the  imordained  the  precepts  are  limited  in  number 
For  the  ordained,  altho  the  precepts  have  a  limit 

(namely  170  billion,  5  million,  and  36,  or  170,005,000,036), 

yet  they  are  virtually  unlimited;  —  like  those  kept  by  Mi^-Tissa 

116  Story  of  MahSrTissa,  in  allusive  outline,  with  three  stanzas 

1 17  For  Puthujjanas,  the  conformity  is  so  complete, 
that  it  serves  as  the  immediate  basis  of  Arahantship: 

as  in  the  cases  of  the  SaQgharakkhitas,  uncle  and  nephew 

118  Story  of  Mah&-Sar)gharakkhita,  who,  altho  living  for  more  than  sixty 
years  from  his  ordination  without  even  attaining  the  First  Path,  never- 
theless kept  his  morality  in  such  complete  conformity  with  the  precepts 
that  on  his  death-bed  he  attained  Arahantship  at  a  boimd 

119  Excursus:  Relative  value  of  learning  and  morality 
Scripture  stanzas  covering  four  combinations: 

1.  Small  learning  and  bad  morals;  2.  Small  learning  and  good  morals; 
3.  Great  learning  and  bad  morals;  4.  Great  learning  and  good  morals. 
Combination  2  is  better  than  3 

120  For  the  Sekhas,  the  conformity  is  "disinterested,"  as  being  unmotivated 
by  any  false  view;  and  for  the  Puthujjanas,  it  is  "disinterested," 

as  being  unmotivated  by  any  passion :  case  of  Tissa,  Kufumbiya's  son 

121  Stanzas  of  Tissa,  who,  to  assure  his  murderers  that  he  would  not  nm 
away,  broke  his  two  thigh-bones,  and,  gaining  thus  a  night's  time,  attained 
Arahantship 

122  Story  of  an  Elder,  who,  altho  in  helpless  torment  from  illness,  and  cer- 
tain of  attaining  heaven  by  death,  refrained  from  putting  an  end  to  his 
misery  and  attained  to  Arahantship.     His  stanzas 

123  For  the  Arahants,  the  conformity,  as  bringing  an  abiding  calmness, 
is  called  "cahnness-conformity" 

124  Thus  morality  is  of  five  kinds  from  the  above  five  points  of  view 
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125  Morality  is  of  five  kinds  if  viewed  as  consisting  — 

Pentad  2. —  in  a  getting  rid  of  killing,  stealing,  adultery,  lying,  etc. 

(kind  1)  p^matip&tassa. . .  sabbakilesslnar)  pah&nat)  sllai); 

or  in  an  abstention  from  the  same 

(kind  2)  pan&tip&tassa. .  .sabbakiles&nai)  veramani  sTlar); 

or  in  a  volition 

(kind  3)  p&n&tipatassa. . .  sabbakiles&nai)  cetan^  sXlar); 

or  in  a  restraint 

(kind  4)  pan&tipStassa. . .  sabbakiles&nar)  sai)varo  sllat); 

or  in  a  non-transgression 

(kind  5)  pSn^ttipfttassa. .  .sabbakilesilnai)  avftikkamo  sllar) 

Buddhaghosa  gives  the  above  five  also  in  the  words  of  the  PatisambhidS 
Corollary,  also  in  the  words  of  the  Patisambhida: 

These  five  conduce  to  freedom  from  regret,  to  satisfaction ...  to  nibbSna 

126  *  Gretting  rid  of '  is  defined  as  nothing  else  than 

a  not  allowing  the  thought  of  killing  etc.  to  arise 

In  like  manner,  abstention,  volition,  restraint,  and  non-transgression 

are  primarily  and  essentially  positive  mental  activities 

127  By  the  foregoing  sections  (20-126)  the  first  five  of  the  seven  questions 
propounded  in  §19  have  been  answered 


128-134  Discussion  of  the  two  remaining  questions: 

Question  6:  How  is  morality  defiled?  [§128-§1291  and 
Question  7:  How  is  morality  kept  undefiled?  [§130] 
Practical  appendix  to  the  discussion  [§131-§134] 

128  The  defiling  of  morality  may  be  occasioned 

1.  by  motives  which  have  to  do  with  gain  or  fame  etc.,  or 

2.  by  motives  which  have  to  do  with  the  sexual  feelings 

The  defiled  morality  may  be  of  four  kinds  (as  suggested  by  A.  4.54") :  it 
may  be 

1.  not-intact  (khanda),  like  a  garment  frayed  at  the  edges; 

2.  riddled  (chidda),  like  a  garment  with  holes  in  the  middle; 

3.  streaked  (sabala),  like  a  brindled  cow;  or 

4.  spotted  (kammfisa)  like  a  dappled  cow 

The  defilements  from  motives  of  gain  etc.  were  treated  at  §32;  now  come 
The  defilements  from  motives  having  to  do  with  the  sexual  feelings: 

129  Seven  ways  in  which  these  motives  manifest  themselves: 

A  monk  does  not  actually  have  intercourse  with  a  woman,  but 

1.  he  likes  to  have  her  rub,  chafe,  bathe,  or  massage  him. 
A  monk  is  free  from  the  two  aforesaid  faults,  but 

2.  he  likes  to  laugh  and  play  with  her. 

A  monk  is  free  from  the  three  aforesaid  faults,  but 

3.  he  likes  to  look  her  in  the  eye. 
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A  monk  is  free  from  the  four  aforesaid  faults,  but 

4.  he  likes  to  hear  her  laugh,  talk,  sing,  or  cry. 
A  monk  is  free  from  the  five  aforesaid  faults,  but 

5.  he  likes  to  think  about  his  former  laughs,  talks,  etc.  with  her. 
A  monk  is  free  from  the  six  aforesaid  faults,  but 

6.  he  likes  to  see  a  householder  enjoying  the  pleasures  of  sense. 
A  monk  is  free  from  the  seven  aforesaid  faults,  but 

7.  he  likes  to  keep  his  morality  in  the  hope  of  becoming  a  deity 
(and  thus  enjo3ring  a  celestial  nymph). 

These  seven  faults  are  given  in  the  words  of  A.  4. 64--66  and  in  diminuendo 
order. 

130  Morality  is  kept  intact,  unriddled,  unstreaked,  and  unqx>tted 

1 .  by  avoiding  altogether  the  breach  of  any  precept ; 

2.  by  atoning  for  one  that  is  broken; 

3.  by  freedom  from  the  seven  faults  just  mentioned; 

4.  by  not  allowing  even  so  much  as  a  thous^t  of  anger  etc.  to  arife;  and 

5.  by  moderation  of  desires,  contentment,  the  ample  life,  etc. 

131  This  keeping  morality  undefiled  is  brought  about  in  two  ways: 

1.  by  realizing  the  curses  of  the  loss  of  moral  character;  and 

2.  by  realising  the  blessednesses  of  k)fty  morality 
Five  curses  are  set  forth  by  a  passage  cited  from  A.  3. 252 

Buddhaghosa  rehearses  other  grave  evils 

132  The  Exalted  One  has  set  forth  these  curses  in  the  Fire-text  (A.  4. 128): 
Whether,  O  monks,  is  better,  to  embrace  a  mighty  biasing  fire? 

or  to  embrace  a  tender  mud? — Answer:  the  fire. 

133  With  continued  use  of  the  same  text  (A.  4.  129), 

The  accepting  or  using,  on  the  part  of  a  man  of  lost  character, 
of  any  one  of  six  things,  to  wit, 

salutation,  obeisance,  clothing,  food,  furniture,  monastery, — 
is  likened  respectively  to  each  one  of  six  tortures,  to  wit 
hair-rope,  sharp  spear,  redhot  wrap,  redhot  ball,  redhot  bed,  boiling  pot 

134  Buddhaghosa,  in  twelve  ftry&  stansas,  summarises  $133, 
and  sets  forth  the  miseries  of  the  man  of  lost  character 

135  Buddhaghosa,  in  ten  glokas,  sets  forth  the  blessings  of  a  lofty  morality 

136  Therefore,  he  exhorts,  one  should  with  all  heed  keep  his  morality  unblem- 

ished 


137  The  introductory  stanza,  S 1 ,  shows  the  way  of  salvation  under  three  heads : 
Morality  and  Concentration  aad  the  Higher  Wisdom 
Morality  has  now  been  elucidated 
Colophon:  Book  1,  Exposition  of  Morality 
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Book  2. —  The  Pube  Practices. 


Book  2  (see  §107)  is  an  appendix  to  book  1,  which  treats  of  Morality 

1  Preface, —  The  monk  whose  morality  Lb  kept  imdefiled 

by  fewness  of  wishes,  contentment,  and  so  on. 
Is  thereby  established  in  the  "three  ancient  orders  of  nobility"; 
But  to  be  able  to  attain  the  fourth,  that  of  delight  in  meditation. 
He  must  observe  the  Pure  Practices 

2  "The  Exalted  One  has  sanctioned  13  such  practices. 
Practices  1-2  concern  clothing  (see  §102) 

1.  Refuse-rag-practice  or  pai}sukalikanga 

2.  Three-robe-practice  or  teclvarikafiga 
Practices  3-7  concern  food 

3.  Alms-practice  or  pindap&tikafiga 

4.  House-to-house-practice  or  sapadfinac&rika&ga 
i     5.  One-sitting-practice  or  ekfisanikanga 

6.  On&tewl-practice  or  pattapi^dikafiga 

7.  No-more-practice  or  khalupacchabhattikanga 

Practices  8-12  concern  dwelling-place  ;  ; 

8.  Forest-practice  or  arafifiikafiga 

9.  Tree-root-practice  or  rukkhamQlikanga 

10.  Open-sky-practice  or  abbhokasikanga 

11.  Buming-ground-practice  or  sosanikaiiga 

:      12    Lodge-anywhere-practice  or  yathSsanthatikaflga 
Practice  13  concerns  bodily  posture 

13.   Never-Ue-down-practice  or  nesajjikafiga 

3  Buddhaghosa's  outline  of  this  book:  eleven  topics  (in  expanded  form) 
Topic  1:  etymological  import  (attha)  of  the  name  of  each  Practice 

[All  13  practices  (each  by  itself  in  order)  are  treated  together,  §4  to  §8] 
Topic  2:  their  common  characteristic  (lakkhana),  function  (rasa),  etc. 

[All  13  practices  (in  a  lump  —  no  single  one  specified)  are  treated,  §9] 
Topic  3 :  the  manner  of  adopting  them  (samadana) 
Topic  4:  the  manner  of  observing  them  (vidhana) 
Topic  5 :  the  grades  [of  strictness)  (pabheda)  in  observing  them 
Topic  6:  what  constitutes  a  breach  (bheda)  of  their  observance 
Topic  7:  the  advantages  (anisar)sa)  of  observing  them 

[All  these  5  topics  (each  by  itself  in  order)  are  treated  together 

for  each  separate  one  of  the  13  practices,  §10  to  §92] 
Topic  8:  of  the  3  categories,  good  [and  bad  and  indifferent]  (kusalattika)» 

the  Pure  Practices  fall  under  only  the  first  and  third  [§94] 
Topic  9 :  dbcussion  of  "  dhuta  etc."  [§95].    The  etceteral  term  includes 

dhutavado,  dhutadhamma,  dhutafig&ni,  and  "Who  profit  by  them?" 
Topic  10:  the  Practices  as  reckoned  so  as  to  make  the  smallest  nimiber  etc. 
Topic  11 :  the  Practices  as  reckoned  so  as  to  make  the  largest  number 


Digitized  by 


GooglQ 


LANMAN. —  BUDDHAOHOSA's  VISUDDHI-MAGGA,   BOOK  2.  1® 

4-8  Topic  1:  et3mtiological  impoH  of  the  P&li  names  for  the  Pure  Practices 
4  P&li  names  of  the  Pure  Practices  concerning  clothing 

1.  Pai)suk(Uika&ga  Giterally,  Dust-heaper's  practice) 

2.  Teclvarikafiga  (Three-rober's  practice) 

5  Pali  names  of  the  Pure  Practices  concerning  food 

3.  Pi^dap&tikanga  (Pellet-faller's  practice) 

4.  Sapadanac&rikanga  (Unbroken-rounds-goer's  practice) 

5.  Ekftsanikafiga  (One-sessioner's  practice) 

6.  Pattapindikafiga  (Bowl-fooder*8  practice) 

7.  Khalupacchftbhattikanga  (Thank-you-No-more-man's  practice) 

6  P&li  names  of  the  Pure  Practices  concerning  dwelling-place 

8.  Arafifiikanga  (Forester's  practice) 

9.  RukkhamQlikanga  (Treerooter's  practice) 

10.  AbbhokiUikanga  (Openspacer's  practice)  * 

11.  Sos&nikanga    (Burning-grounder's   practice) 

12.  Yathftsanthatikanga    (Any-bedder's    practice)  ' 

7  Pali  name  of  the  Pure  Practice  concerning  bodily  posture 

13.  Nesajjikanga  (Sittinger's  practice) 

8  The  Pali  name  dhutangani,  as  designation  of  all  13,  may  mean: 

1.  Practices  of  the  purged  (as  a  tatpurusha  compound) 

2.  Having  "purging-knowledge"  as  [essential]  constituent  (a  bahuvrlhi) 

3.  Purging  practices  (a  karmadharaya) 

9  Topic  2:  Characteristic  etc.  of  all  the  Pure  Practices  in  the  lump  ; 

Their  conunon  characteristic  Gakkhana)  is  the  will  to  adopt  them  (§104) 
Their  function  (rasa)  is  to  extirpate  all  worldly  lust 
Their  manifestation  (paccupa^hana)  is  in  freedom  from  such  lust 
Their  immediate  basis  (padat^hana)  is  fewness-of-wishes  etc. 

10-92  Topics  3-7:    their  adoption,  observance,  grades,  breach,  advantages 

10  General  prefatory  remark  as  to  the  adoption  of  any  of  the  Pure  Practices: 

The  persons  in  presence  of  whom  they  should  be  formally  adopted 
11-92  Discussion  of  all  these  5  topics  together  (but  each  in  its  order), 
With  reference  to  each  separate  one  of  the  13  practices  in  order 

(Prom  here  to  §92.  one  iiuml>er  in  parenthesis  refers  to  a  practice,  and  two 
numbers  in  parenthesis  refer  to  practice  and  topic) 

11  Refuse-rag-practice  (1):  Formulas  of  adoption  (1*) 

12  Manner  of  observance  (1*) :  23  kinds  of  rags  permissible  for  robes 

13  Conmientary  on  the  names  of  the  23  kinds 

14  What  may  or  may  not  be  taken  constructively  as  refuse-rags 

15  Grades  of  strictness  (1*)  in  its  observance:  severe,  middling,  easy 

16  What  constitutes  a  breach  (1*)  of  its  observance 

17  The  12  advantages  (1^)  of  observing  it:  among  them 

Establishment  in  the  ''first  order  of  nobility"  (ariyavar)sa:  cf.  §29) 

18  Buddhaghosa  praises  in  3  stanzas  the  Refuse-rag-practice 
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19  Three-robe-practice  (2) :  Formulas  of  adoption  (2») 

20  Maimer  of  observance  (2^) 

21  Grades  of  strictness  (2*)  in  its  observance:  severe,  middling,  easy 

22  What  constitutes  a  breach  (2*)  of  its  observance 

23  The  8  and  more  advantages  (2^)  of  observing  it 

24  Buddhaghosa  praises  in  2  stanzas  the  Three-robe-practice 


25  Alms-practice  (3) :  Formulas  of  adoption  (3*) 

26  Manner  of  observance  (3^) :  14  kinds  of  food  which  are  not  permissible 

27  Grades  of  strictness  (3*)  in  its  observance:  severe,  middling,  easy 

Anecdote  illustrating  the  disadvantages  of  the  2  lower  grades 

28  What  constitutes  a  breach  (3*)  of  its  observance 

29  The  15  advantages  (3^)  of  observing  it:  among  them 

Establishment  in  the  ''second  order  of  nobility"  (ariyavagsa:  cf.  J17) 

30  Buddhaghosa  praises  in  3  stanzas  the  Alms-practice 

31  House-to-house-practice  (4) :  Formulas  of  adoption  (4*) 

32  Manner  of  observance  (4^) 

33  Grades  of  strictness  (4*)  in  its  observance:  severe,  middling,  easy 

The  Elder  most  distinguished  for  the  practice  was  Kaasapa  the  Great 

34  What  constitutes  a  breach  (4*)  of  its  observance 

35  The  8  advantages  (4^)  of  observing  it 

36  Buddhaghosa  praises  in  2  stanzas  the  House-to-house-practice 

37  The  One-sitting-practice  (5):  Formulas  of  adoption  (5*) 

38  Manner  of  observance  (5^) 

39  Grades  of  strictness  (5*)  in  its  observance:  severe,  middling,  easy 

40  What  constitutes  a  breach  (5*)  of  its  observance 

41  The  8  advantages  (5^)  of  observing  it 

42  Buddhaghosa  praises  in  2  stanzas  the  One-sitting-practice 

43  The  One-bowl-practice  (6) :  Formulas  of  adoption  (6*) 

44  Manner  of  observance  (6^) 

45  Grades  of  strictness  (6*)  in  its  observance:  severe,  middling,  easy 

46  What  constitutes  a  breach  (6*)  of  its  observance 

47  The  6  advantages  (6^)  of  observing  it 

48  Buddhaghosa  praises  in  2  stanzas  the  One-bowl-practice 

49  The  No-more-practice  (7) :  Formulas  of  adoption  (7*) 

50  Manner  of  observance  (7*) 

51  Grades  of  strictness  (7^)  in  its  observance:  severe,  middling,  easy 

52  What  constitutes  a  breach  (7*)  of  its  observance 

53  The  5  advantages  (7^)  of  observing  it 

54  Buddhaghosa  praises  in  2  stanzas  the  No-more-practice 
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55  Forest-practice  (8) :  Formulas  of  adoption  (8^) 

56  Manner  of  observance   (8^) 

57  Definitions :  village,  neighborhood  of  village,  forest ;  defined  also  according  to 

texts  of  Vinaya,  Abhidhamma,  Suttanta,  and  Commentaries 

58  Permissible  modifications  of  the  Forest-practice 

59  Grades  of  strictness  (8*)  in  its  observance:  severe,  middling,  easy 

60  What  constitutes  a  breach  (&)  of  its  observance 

61  The  7  advantages  (8^)  of  observing  it 

62  Buddhaghosa  praises  in  4  stansas  the  Forest-practice 

63  Tree-root-practice  (9) :  Formulas  of  adoption  (9*) 

64  Manner  of  observance  (9*) :  trees  to  avoid 

65  Grades  of  strictness  (9*)  in  its  observance:  severe,  middling,  easy 

66  What  constitutes  a  breach  (9*)  of  its  observance 

67  The  6  advantages  (9^)  ai  observing  it 

68  Buddha^osa  praises  in  4  stanzas  the  Tree-root-practice 

69  Open-sky-practice  (10) :  Formulas  of  adoption  (10^) 

70  Manner  of  observance  (10*) :  permissible  occasions  of  being  under  cover 

71  Grades  of  strictness  (10^)  in  its  observance:  severe,  middling,  easy 

72  What  constitutes  a  breach  (10*)  of  its  observance 

73  The  6  advantages  (lO')  of  observing  it 

74  Buddhaghosa  praises  in  3  stanzas  the  Open-sky-practice 

75  Buming-ground-practice  (11):  Formulas  of  adoption  (11*) 

76  Manner  of  observance  (11^) 

Burning-ground  defined;  serious  business;  due  precautions 

77  Grades  of  strictness  (11*)  in  its  observance:  severe,  middling,  easy 

78  What  constitutes  a  breach  (11«)  of  its  observance 

79  The  10  advantages  (11^)  of  observing  it 

80  Buddhaghosa  praises  in  2  stanzas  the  Buming-ground-practice 

81  Lodge-anywhere-practice  (12):  Formulas  of  adoption  (12») 

82  Manner  of  observance  (12*) 

83  Grades  of  strictness  (12*)  in  its  observance:  severe,  middling,  easy 

84  What  constitutes  a  breach  (12*)  of  its  observance 

85  The  6  advantages  (12^)  of  observing  it 

86  Buddhaghosa  praises  in  3  stanzas  the  Lodge-anywhere-practice 


87  Never-lie-down-practice  (13) :  Formulas  of  adoption  (13*) 

88  Manner  of  observance  (13*) 

89  Grades  of  strictness  (13*)  in  its  observance:  severe,  middling,  easy 

90  What  constitutes  a  breach  (13*)  of  its  observance 

91  The  5  advantages  (13^)  of  observing  it 

92  Buddhaghosa  praises  in  3  stanzas  the  Never-lie-down-practice 
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93  Epanalepsis  of  stanza  2  of  the  outline  (§3)  summaming  topics  ^11 

94  Topic  8:  of  the  3  categories,  good  [and  bad  and  indifferent]  (kusala-ttika) 

the  Pure  Practices  fall  under  only  the  first  and  third 


95-100  Topic  9:  discussion  of  the  5  matters,  "  I.  dhuta  etc." 

95  The  etceteral  term  includes  2.  dhutav&do,  3.  dhutadhammS,  4.  dhutang&ni, 

and  5.  the  question,  Who  are  benefited  by  the  Pure  Practices? 

96  The  word  1.  dhuta  may  mean  *  purified,'  as  applied  to  a  person, 

or  *  purifying,'  as  applied  to  a  thing 

97  The  word  2.  dhutav&do  means ' preacher  of  the  Pure  Practices': 

Four  combinations: 
One  practices,  but  does  not  preach :  example,  Bakkula 
Another  does  not  practice,  but  preaches:  example,  Upananda 
A  third  neither  practices  nor  preaches:  example,  L^lud&yin 
A  fourth  both  practices  and  preaches:  example,  Sariputta 

98  The  word  3.  dhutadhammS,  'pure  things,'  includes  5  such: 

Fewness  of  wishes  (appicchatft) 

Contentment  (santut^hita) 

Love  for  the  simple  life  (sallekhatft) 

Ix)ve  for  solitude  (pavivekatfi) 

Intelligent  recognition  of  his  higher  needs  (idama^thita) 

99  The  word  4.  dhutangani,  *  Pure  Practices,'  means  the  13  already  stated, 

of  which  the  list  is  given  above  at  §2, 

of  which  the  names  are  explained  at  §4- §8,  and 

of  which  the  general  characteristic  etc.  is  stated  at  §9 

100  The  question  (5) :  Who  are  benefited  by  the  Pure  Practices?    Answer: 
Those  in  whose  temperament  lust  or  ignorance  or  ill-will  is  dominant 


101-104  Topic  10:  the  Practices  as  reckoned  so  as  to  make  the  lowest  number 
or  a  few  or  the  fewest  groups  (samasato) 

101   The  13  Pure  Practices,  reduced  to  lowest  number,  are  8:  namely 
Three  inclusive  Practices,  each  of  which  includes  one  or  two  others 
The  House-to-house-practice  includes  the  Alms-practice 
The  One-sitting-practice  includes  the  One-bowl  and  the  No-more  • 
The  Open-sky-practice  includes  the  Tree-root  and  the  Lodge-anywhere 
Five  non-inclusive  Practices  (literally,  un-confused  with  others,  distinct) 
the  Forest-practice,  the  Refuse-rag-practice,  the  Three-robe-practice 
the  Never-lie-down-practice,  the  Buming-groimd-practice 
[Thus  3  inclusive  Practices,  with  the  5  others  which  they  include^ 
and  with  the  5  non-inclusive  Practices,  make  13] 
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102  The  13  Practices  may  be  put  into  4  groups,  according  as  they  concern 

1.  Clothing;  [compare  §2,  above] 

2.  Food; 

3.  Dwelling-place; 

4.  Strenuousness  (or  bodily  posture) 

103  They  make  2  groups,  according  as  they  concern 

1.  The  everyday  needs  of  life,  or 

2.  Strenuousness 

They  make  2  groups  also  according  as  is  is  advisable 

1.  To  keep  them,  or 

2.  Not  to  keep  them 

104  All  13  make  a  unitary  group  in  so  far  as 

They  are  all  essentially  an  act  of  the  will:  see  §9 


105-106  Topic  11:  the  Practices,  as  reckoned  so  as  to  make  the  highest 
number  (vySsato),  amount  to  42:  thus 

105  Reckoning  all  13  of  them  as  for  the  monks, 

8  of  them  again  as  for  the  nuns, 
12  of  them  again  as  for  the  male  novices, 
7  of  them  again  as  for  the  female  novices,  and 
2  of  them  again  as  for  the  lay  disciples, —  they 
Count  as  42 

106  For  each  of  these  5  classes,  the  Practices  are  specifically, —  for 
Monks,  the  Practices  numbered  1-13  ( =  13) 

Nuns,  numbers  1-6  [7-8  forbidden;  9-10-11  too  hard]  and  12-13  (=  8) 
Male  novices,  same  as  for  monks,  excepting  2, —  i.  e.  1,  and  3-13  (=  12) 
Female  novices,  same  as  for  nuns,  ex.  2, —  i.  e.,  1,  and  3-6,  and  12-13  («  7) 
Lay  disciples,  without  regard  to  sex,  numbers  5  and  6  ( =  2) 


107  Conclusion:  Book  2  sets  forth  the  Pure  Practices 
As  a  means  of  developing  the  qualities  by  which 
The  Morality  set  forth  in  Book  1  may  be  kept  undefiled 
Colophon:  Book  2,  Exposition  of  the  Pure  Practices 
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HYDROCHLORIC,  HYDROBROMIC,  HYDRIODIC,  NI- 
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SODIUM  AND  POTASSIUM  HYDROXIDES. 

By  Theodore  W.  Richabds  and  A.  W.  Rows. 
Received.  May  20.  1913. 

In  a  previous  communication  ^  the  authors  described  a  new  and 
accurate  method  for  the  determination  of  the  specific  heats  of  liquids, 
based  upon  the  adiabatic  procedure  originally  outlined  by  one  of  us.* 
Any  method  for  this  purpose  demands  an  exact  quantitative  source 
of  heat;  and  in  the  present  case  the  device  employed  was  the  libera- 
tion in  parallel  experiments  of  known  amounts  of  heat  by  the  neutrali- 
zation of  an  acid  with  a  base.  The  neutralization  was  carried  out  in 
the  center  of  a  calorimetric  system  consisting  primarily  either  of  water 
or  of  the  liquid  under  observation.  By  observing  the  relative  tempera- 
ture rise  in  the  system  when  first  water  and  subsequently  the  other 
liquid  filled  the  calorimeter,  (or  better,  by  so  arranging  the  parallel 
experiments  as  to  secure  uniform  temperature  changes  in  the  two 
cases,  comparing  the  relative  weight  of  liquid  used  with  that  of  the 
original  amoimt  of  water)  a  direct  determination  of  the  relative  heat 
capacities  of  the  two  systems  was  rendered  possible.  The  chief  ad- 
vantage of  such  methods  involving  the  comparison  of  one  set  of  data 
with  another  is  that  possible  errors  of  direct  determination  appear  in 
all  experiments  and  are  thus  eliminated  by  cancellation. 

As  originally  outlined,  the  method  had  one  distinct  objection, 
namely,  the  alkali  was  at  first  contained  in  a  reservoir  outside  the 
calorimetric  system  and  at  a  temperature  usually  somewhat  different 
from  the  latter.  Although  the  difference  was  carefully  determined 
and  a  suitable  correction  applied  for  the  heat  thus  abstracted  from  or 


1  Richards  and  Rowe,  Proc.  Am.  Acad.,  43,  475  (1908);  Zeit.  phys.  Chem. 
64,  187  (1908). 

2  Richards,  Henderson  and  Forbes,  Proc.  Am.  Acad.,  41,  3  (1905). 
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brought  into  the  system,  this  feature  introduced  uncertainty,  espe- 
cially as  the  liquid  might  undergo  slight  but  undetermined  changes 
in  temperature  during  the  act  of  transference.  This  point  was  recog- 
nized by  the  authors  at  the  time  of  the  initial  publication  and  at  that 
time  a  method  for  its  elimination  was  suggested.  A  description  of  the 
improved  apparatus  and  some  of  the  results  yielded  by  it  are  embodied 
in  the  present  communication. 


Method  axd  Apparatus. 

As  in  the  earlier  form,  the  neutralization  of  sulphuric  acid  with 
sodium  hydroxide  was  selected  as  the  source  of  heat.  The  stability 
of  solutions  made  from  this  acid  renders  it  especially  suitable  for  such 
purposes.  In  carr^ong  out  the  neutralization  a  concentrated  solution 
of  caustic  soda  was  placed  in  a  small  stoppered  platinum  can,  which 
was  suspended  within  a  platinum  bottle  containing  the  acid  to  be 
neutralized.  At  the  appointed  moment,  the  two  liquids  were  allowed 
to  mix.  This  bottle,  closed  ^ith  a  platinum  stopper,  had  previously 
been  submerged  in  the  liquid  to  be  studied,  which  was  itself  held  in  a 
large  platinum  calorimeter.  The  whole  was  provided  with  an  en\iron- 
ment  so  arranged  as  to  vary  in  temperature  at  the  same  rate  as  the 
calorimeter,  and  this  eliminated  the  troublesome  and  inexact  cooling 
correction. 

It  is  perhaps  worth  while  to  describe  the  affair  in  detail  because 
much  time  was  spent  in  working  out  the  most  advantageous  arrange- 
ment. The  accompanying  diagram  M-ill  assist  in  the  explanation. 
(Figure  1.) 

The  platinum  bottle  (D)  used  to  contain  the  weighed  amount  of 
acid  was  provided  with  a  very  wide  mouth,  in  order  that  the  receptacle 
for  the  alkali  could  be  introduced  within  it.  The  mouth  was  narrowed 
by  a  hollow  platinum  stopper  or  cap  (E)  of  peculiar  shape,  the  joint 
being  made  tight  by  a  thin  smooth  rubber  band  or  collar  between  the 
stopper  and  bottle.  The  upper  end  of  the  open  stopper  was  fastened 
by  stout  platinum  wires  to  a  hollow  tube  of  hard  rubber  which  passed 
through  an  opening  in  the  jacket  above,  and  held  the  bottle  in  suspen- 
sion. 

The  receptacle  for  the  alkali  also  was  unusual  in  its  form,  consisting 
of  a  very  small  platinum  can  (F)  (of  a  diameter  slightly  less  than  that 
of  the  mouth  of  the  l)ottle)  with  a  hole  in  the  bottom  closed  by  a 
small  rubber  stopper  (r).    This  can  was  open  at  the  top  and  was  sus- 
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'  pended  from  the  periphery  by  four  stout  platinum  wires  symmetrically 
placed,  which  in  turn  were  made  fast  to  another  hard  rubber  tube  (f). 
A  hard  rubber  pulley  and  suitable  bearing  (e)  were  fastened  to  the  tube 
(f )  and  permitted  the  mechanical  rotation  in  the  horizontal  plane  of  this 
part  of  the  system.  Small  platinum  wings  attached  to  the  outside 
of  the  receptacle  below  caused  the  rotation  to  stir  thoroughly  the 
surrounding  acid.  The  alkali  itself  within  the  very  small  can  likewise 
needed  agitation,  which  was  effected  by  a  tiny  platinum  stirrer  (s) 
suspended  by  a  hard  rubber  rod  within  the  tube  (f).  Upon  the  effec- 
tiveness of  the  stirring  within  these  receptacles  depended  the  speed 
with  which  thermal  homogeneity  could  be  established,  and  the  arrange- 
ments were  found  to  be  very  effective  for  this  purpose. 

The  platinum  bottle  was  immersed,  as  has  already  been  stated, 
\iathin  the  liquid  to  be  studied  in  a  large  platinum  calorimeter  capable 
of  holding  about  0.7  liter. 

The  jacket  arrangement  for  obviating  the  cooling  correction  should 
also  be  described  in  detail,  as  it  differs  from  that  used  in  the  last  inves- 
tigation of  this  kind.  As  in  other  recent  calorimetric  work  done  in 
this  laboratory,  the  whole  calorimeter  and  its  appurtenances  were 
enclosed  in  a  water-tight  vessel,  with  tubes  above  for  the  necessary 
connections.  This  vessel  was  immersed  in  a  pail  of  dilute  alkali. 
As  the  reaction  within  the  calorimeter  progressed,  acid  was  added  to 
this  alkali,  so  that  the  change  of  temperature  in  the  surrounding  pail 
should  parallel  that  in  the  calorimeter  itself.  The  pail  (A)  was  made 
of  copper  and  furnished  with  a  powerful  propeller-stirrer  (J).  The 
water-tight  "submarine"  vessel  containing  the  calorimeter  was 
fumkhed  with  a  cover  clamped  in  place  and  made  water-tight  by  a 
smooth  rubber  washer.  The  submarine  vessel  was  nickelplated  and 
polished  inside,  and  was  large  enough  so  as  to  allow  a  narrow  air 
space  between  it  and  the  calorimeter,  from  which  it  was  kept  apart 
by  small  wedges  of  cork.  Through  suitable  tubes  at  the  top  of  the 
"submarine'*  were  introduced  not  only  the  thermometer  and  the 
hard  rubber  tubes  already  mentioned,  but  also  the  rods  bearing  the 
two-stage  platinum  stirrer  which  stirred  the  calorimeter  itself,  thus 
equalizing  the  temperature  in  the  liquid  immediately  surrounding  the 
wide  mouthed  platinum  bottle.  The  hard  rubber  stirrer  rods  were 
as  small  in  diameter  as  possible;  for  large  rods  cause  a  pumping  effect 
and  thus  introduce  outside  air  into  the  calorimeter.  Great  pains 
must  be  taken  to  prevent  the  circulation  of  air  through  these  tubes, 
for  the  adjustment  is  so  delicate  that  if  the  temperature  of  the  room 
varies  considerably  from  that  within  the  submarine,  a  distinct  effect 
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is  produced  upon  the  temperature  of  the  calorimeter  by  air  thus 
introduced.  Accordingly  all  the  tubes  were  loosely  packed  with 
cotton  wool  which  served  to  prevent  undue  circulation.^  A  further 
safeguard  against  error  from  this  cause  was  found  in  increasing  the 
depth  of  submergence  of  the  "submarine." 

Two  similar  accurately  standardized  thermometers  were  used  to 
register  the  temperature  in  the  calorimeter  on  the  one  hand  and  in 
the  outside  bath  on  the  other.  For  the  sake  of  accuracy  these  ther- 
mometers should  be  alike  in  scale  and  in  thermometric  lag.  Those 
employed  were  especially  made,  and  were  very  well  adapted  for  the 
purpose.  They  covered  a  range  from  15.4  to  20.8  degrees,  and  each 
degree  was  74  millimeters  long.  A  small  auxiliary  thermometer  (L) 
suspended  wholly  in  the  air  beside  the  stems  of  the  larger  instruments 
gave  the  mean  temperature  of  the  exposed  portions  of  these  stems. 
The  thermometers  were  standardized  with  the  greatest  care  by  refer- 
ence to  standard  instruments  which  had  been  carefully  studied  at  the 
Bureau  Internationale  des  Poids  et  M^ures.  Their  standardization 
will  be  described  in  another  place.  As  the  final  results  usually  varied 
no  more  from  the  mean  value  than  0.05  precent,  it  is  clear  that  the 
thermometers  were  usually  to  be  depended  upon  to  within  0.001^. 

In  the  outer  pail  of  course  the  concentration  of  the  alkali  might  vary 
within  wide  limits  without  harm,  and  the  sulphuric  acid  introduced 
into  it  was  always  the  most  concentrated  grade  of  pure  acid  of  com- 
merce,* which  was  deUvered  through  a  burette  graduated  in  tenths 
of  a  degree  Centigrade,  as  already  explained  in  previous  papers. 

Within  the  platinum  bottle,  however,  the  acid  needed  very  precise 
determination  in  order  that  the  heat  yielded  to  the  calorimetric  system 
by  its  neutralization  by  a  slight  excess  of  alkali  might  be  definitely 
apportioned  in  each  experiment. 

The  steps  taken  to  prepare  these  solutions  of  definite  strength  are 
described  below.  Other  experimental  details  will  be  discussed  later 
when  the  individual  experiments  are  described. 

With  this  apparatus,  then,  were  made  many  series  of  experiments  in 
which  first  pure  water  was  contained  in  the  calorimeter-can,  and  after- 
wards the  various  dilute  solutions.     In  each  case  a  definite  amount 


3  The  sketch  is  not  strictly  drawn  to  scale  and  the  size  of  the  rods  is  exag- 
gerated for  the  sake  of  clearness. 

4  Crude  acid  would  have  answered,  but  the  pure  acid  was  found  to  be  more 
constant  in  composition  than  cheaper  cruder  grades.  As  the  burettes  were 
graduated  to  dehver  a  constant  voliime  of  acid  lor  a  definite  temperature  rise, 
this  point  was  of  importance. 
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of  heat  was  evolved  in  the  mner  vessel  by  means  of  known  amounts 
of  acid  and  alkali,  and  in  each  case  the  rise  in  temperature  caused  by 
this  added  heat  was  duly  read  off  on  the  thermometers.  Thus  with 
the  appropriate  calculation,  to  be  described  later  under  the  indi\idual 
experiments,  the  specific  heats  of  the  various  solutions  were  determined. 


Preparation  of  Materials. 

The  preparation  of  the  materials  needed  in  the  experiment  naturally 
divides  itself  into  tw^o  categories;  first,  the  preparation  of  the  acid  and 
alkali  needed  to  evolve  measured  quantities  of  heat,  and  secondly,  the 
preparation  of  the  pure  solutions  whose  specific  heats  were  to  be 
determined.  The  former  of  these  tw^o  categories  was  a  very  simple 
matter  and  may  be  described  in  a  few  words. 

The  standard  sulphuric  acid  to  be  weighed  into  the  bottle  within 
the  calorimeter  and  there  neutralized,  was  prepared  twelve  liters  at  a 
time  from  the  purest  obtainable  acid  and  distilled  water  —  the  result- 
ing solution  being  thoroughly  shaken  to  insure  complete  homogeneity. 
The  concentration  was  determined  by  titration  against  a  carefully 
standardized  solution  of  sodium  hydroxide,  and  finally  the  Hquid  was 
sealed  by  means  of  paraflin  in  tworliter  Jena  flasks.  The  results  of  the 
experiments  made  with  this  acid  solution  give  abundant  testimony  as 
to  its  permanence  and  constant  content  of  ionized  hydrogen.  That 
the  acid  should  undergo  no  change  during  use,  the  device  described 
in  the  earlier  article  (1.  c.)  was  utilized.  The  determinations  of  the 
strength  of  Lot  A  gave  as  a  mean  of  the  individual  titrations  the  value 
6.274  percent.  This  was  subsequently  verified  by  a  series  of  gravi- 
metric analyses,  the  mean  of  which  was  6#276  percent. 

The  much  more  concentrated  alkaline  solution  for  the  innermost 
vessel  was  made  up  in  the  manner  previously  employed,  from  Kahl- 
baum's  sodium  hydroxide,  purified  by  alcohol.  This  solution  was  pro- 
tected from  further  contamination  by  carbonate  through  the  use  of  a 
double  attachment;  all  entering  air  must  pass  first  through  a  tower 
of  soda  lime,  and  further  through  a  wash  bottle  which  contained  some 
of  the  solution  from  the  container,  to  prevent  evaporation  of  the 
standard  solution  into  the  tower.  (Figure  2)  An  excess  of  the  alkali 
was  always  taken  in  each  thermal  experiment,  sufficient  to  render 
inoperative  the  carbonate  originally  present.  A  series  of  titrations 
with  a  carefully  standardized  hydrochloric  acid  solution  indicated  a 
total  alkalinity  corresponding  to  the  concentration  27.825  percent  of 
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Figure  2. 
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sodium  hydroxide  —  or,  expressed  in  mols,  XaOH  .  5.760  HjO. 
The  sodium  present  as  carbonate  —  determined  by  successive  titra- 
tions using  methyl  orange  and  phenol  phthalein  as  indicators, — was 
1.2  percent  of  the  sodium  present.  The  standardization  of  the  acid 
and  alkaline  solutions  used  for  the  titrations  was  based  upon  a  series 
of  gravimetric  analyses  of  silver  chloride. 

The  substances  studied  in  dQute  solution  were  hydrochloric,  hydro- 
bromic,  hydriodic,  nitric,  and  perchloric  acids,  and  Uthium,  sodium,  and 
potassium  hydroxides,  as  indicated  by  the  title.  The  preparation  of 
these  substances  will  be  described  in  order  in  the  pages  inmiediately 
following. 

Hydrochloric  acid. 

The  acid  for  this  solution  was  obtained  by  fractional  distillation  and 
condensing  in  quartz  the  constant  boiling  mixture  of  the  purest  obtain- 
able acid.  The  middle  third  of  the  middle  third  was  selected  from 
two  successive  distillations  and  this  sample,  one-ninth  of  the  material 
at  first  employed,  was  diluted  with  freshly  distilled  water  to  the  de- 
sired concentration.  Two  samples  were  prepared,  the  first,  sample  A, 
being  standardized  gra\imetrically  by  the  precipitation  of  silver 
chloride,  taking  precautions  such  as  one  would  use  in  determining 
atomic  weights,  and  the  second,  sample  B,  being  estimated  volumetri- 
cally  by  titration  with  very  exact  standard  alkaU,  standardized  by 
means  of  the  first.  The  results  of  these  analyses  were  as  follows: 
68.3590  and  69.4105  grams  \delded  respectively  5.3234  and  5.4018 
grams  of  silver  chloride.  Using  the  usual  atomic  weight  Ag  =  107.88, 
this  acid  is  thus  shown  to  contain  100.15  gram-molecules  of  water  to 
one  of  acid,  the  two  experiments  de\4ating  from  the  mean  by  only  0.004 
percent.  The  other  acid  B  was  found  volumetrically  to  be  slightly 
more  concentrated,  haWng  99.97  gram  molecules  of  water.  These  are 
so  nearly  alike  that  careful  determination  of  their  specific  heats 
showed  no  essential  difference  between  them. 

Hydrobromic  acid. 

The  very  pure  acid  used  for  these  experiments  was  prepared  some 
time  ago  for  determinations  of  atomic  weights.  For  the  present 
purpose  it  was  redistilled,  using  a  quartz  condenser;  the  first  and  last 
portions  of  the  distillate  were  rejected.  The  middle  fraction  used  was 
perfectly  colorless.     The  two  portions  (over  62  and  70  grams  respec- 
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lively)  were  carefully  weighed  in  a  weighing  burette  and  titrated  with 
standard  alkali  contained  in  another  weighing  burette,  the  two 
analyses  giving  exactly  the  same  result,  a  percentage  of  4.293  grams 
of  hydrobromic  acid,  which  corresponds  to  a  molecular  concentration 
of  100.5  molecules  of  water  for  each  molecule  of  hydrobromic  acid. 
This  solution,  like  all  the  acid  solutions,  was  immediately  placed  in  a 
large  bottle  of  resistant  glass  ("nonsor*)  and  the  specific  heat  was  deter- 
mined as  rapidly  as  possible.  It  was  found  that  neither  this  glass  nor 
Jena  reagent  glass  was  essentially  attacked  by  the  dilute  acids  during 
the  times,  in  which  they  were  kept  therein. 

Hydriodic  acid. 

The  preparation  of  this  acid  in  a  state  of  purity  offered  considerable 
difficulty.  Three  different  samples  of  the  purest  commercial  product 
which  was  guaranteed  to  conform  to  the  usual  analytical  standard 
were  purchased,  but  each  contained  appreciable  amounts  of  free  iodine 
from  which  it  could  not  easily  be  purified. 

It  shoidd  be  noted,  however,  that  a  small  amount  of  iodine  would 
not  have  a  very  important  effect  on  the  specific  heat,  although  it  was 
exceedingly  important  that  this  amount  should  not  increase  during 
the  experiment,  because  such  an  increase  would  superpose  the  heat 
of  oxidation  of  the  acid  upon  the  phenomena  concerned  with  sp>ecific 
heat.  Therefore  careful  analyses  with  sodium  thiosulphate  were  made 
before  and  afterwards  in  order  to  make  sure  that,  during  the  determina- 
tion of  the  specific  heat,  no  significant  oxidation  had  occurred.  This 
was  the  case  when  the  dilution  of  the  concentrated  acid  was  effected 
by  adding  water  which  had  been  freshly  distilled  and  cooled  in  an 
atmosphere  of  hydrogen,  the  resulting  solution  being  kept  under  such 
an  atmosphere  protected  from  oxygen.  During  the  actual  measure- 
ment of  the  specific  heat  it  was  not  convenient  to  exclude  air,  but 
analysis  showed  that  the  decomposition  which  took  place  during  that 
brief  time  was  wholly  negligible. 

Each  of  the  three  samples  of  dilute  acid  was  analyzed  as  before. 
The  first  was  found  to  contain  6.635  percent  of  hydrogen  iodide  and 
0.032  percent  of  iodine.  The  percentages  in  the  second  were  6.625 
and  0.031  respectively.  After  four  experiments  on  the  specific  heat 
another  portion  of  this  sample  was  analyzed  and  found  to  contain 
6.632  percent  of  hydrogen  iodide  and  0.034  percent  of  iodine,  having 
been  essentially  unchanged.  The  third  specimen  by  acidimetric 
analysis  was  found  to  contain  6.626  percent  of  acid  and  0.040  percent 
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of  iodine.  With  these  three  specimens  of  acid  sLx  determinations  of 
the  specific  heat  wer©  made.  They  were  all  essentially  of  the  same 
strength  and  the  differences  between  the  specific  heats  of  the  different 
samples  .did  not  exceed  the  error  of  experiment,  the  determination  of 
sample  A  giving  a  value  of  0.9210,  three  of  sample  B  giving  0.9215  and 
two  of  sample  C  yielding  0.9211  as  the  respective  values  of  the  specific 
heat. 

Nitric  Acid. 

This  solution  was  prepared  from  the  best  obtainable  nitric  acid 
through  fractional  distillation,  using  a  quartz  condenser.  To  avoid 
the  action  of  sunlight  in  forming  oxides  of  nitrogen  the  operation  was 
performed  in  a  carefully  darkened  hood.  The  middle  third  of  the 
middle  third  was  reserved.  This  was  diluted  to  the  proper  strength 
with  freshly  distilled  water.  The  concentrated  acid  was  not  abso- 
lutely colorless,  but  the  exceedingly  pale  tinge  of  yellow  could  not  have 
indicated  an  amount  of  lower  oxides  large  enough  to  affect  the  determi- 
nations of  the  specific  heat  of  its  dilute  solution.  The  solution  was 
analyzed  by  titration. and  properly  diluted. 


Perchloric  Add, 

A  solution  of  this  substance  was  made  from  a  sample  of  acid  of  pure 
material  prepared  for  the  determination  of  the  atomic  weight  of  silver 
and  lithium  by  Dr.  H.  H.  Willard.  The  authors  take  pleasure  in 
expressing  their  thanks  for  this  courtesy.  The  preparation  is  described 
ebewhere.'  The  concentrated  acid  was  diluted  to  the  proper  strength 
with  freshly  distilled  water.  Two  analyses  each  showed  the  presence 
of  5.788  percent  of  perchloric  acid  which  corresponds  to  a  concentration 
of  HCIO4.99.99  H2O. 

Sodium  Hydroxide, 

The  preparation  and  maintenance  of  the  alkaline  solutions  in  a 
condition  free  from  carbonate  offers  well  known  difliculties.  The 
purest  sodium  hydroxide  of  commerce  contains  appreciable  amounts 
of  this  impurity;  and  the  contamination  is  not  diminished  by  the 
usual  methods  of  handling.  The  frequency  with  which  this  fact  is 
overlooked  will  be  discussed  in  another  place.     The  available  data 


5  Richards  and  Willard,  Joum.  Am.  Chem.  See..  32,  4  (1910). 
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concerning  the  heat  capacities  of  carbonate  solutions  suggest  however 
that  the  amounts  of  carbonate  to  be  found  in  hydroxides  of  the  highest 
grade  would  have  a  scarcely  appreciable  effect  upon  the  specific  heat. 
For  example,  the  specific  heat  of  a  solution  of  sodium  hydroxide  with 
100  mols  of  water  as  determined  by  Thomsen  is  0.968  while  that  of 
sodium  carbonate  of  an  equivalent  concentration  is  given  severally  by 
Thomsen  as  0.958  and  by  Marignac  ®  as  0.9695.  Taking  Thomsen's 
two  values  as  the  more  strictly  comparable,  it  is  evident  that  each 
percent  of  carbonate  may  be  supposed  to  lower  the  specific  heat  by 
one  unit  in  the  fourth  decimal  place.  The  highest  grade  of  sodium 
hydroxide  to  be  found  in  commerce,  as  employed  in  our  experiments, 
contained  from  1  percent  to  2  percent  of  carbonate;  hence  solutions 
made  directly  from  this  material  would  show  a  heat  capacity  0.01 
percent  to  0.02  percent  lower  than  a  solution  of  pure  hydroxide. 
Because,  however,  such  assumptions  introduce  uncertainty;  and 
furthermore,  because  0.02  percent  is  a  perceptible  quantity,  it  was 
obviously  best  to  secure  specimens  of  really  pure  substances. 

Our  material  was  prepared  by  first  adding  to  a  rather  concentrated 
solution  of  the  purest  material  of  commerce  an  excess  of  pure  barium 
hydroxide  in  hot  aqueous  solution.  After  the  settling  of  the  precipi- 
tated barium  carbonate,  the  clear,  supernatant  Hquid  was  siphoned 
off  in  an  atmosphere  free  from  carbon  dioxide.  A  series  of  gravi- 
metric determinations  of  the  excess  of  barium  present  in  the  solution 
were  then  made,  and  the  theoretical  amount  of  very  pure  sulphuric 
acid  was  added.  After  the  settling  of  the  precipitate,  the  supernatant 
liquid  was  again  siphoned  off  with  the  usual  precautions,  and  made 
up  to  the  proper  strength  by  the  addition  of  freshly  distilled  water, 
which  had  been  cooled  in  an  atmosphere  free  from  carbon  dioxide. 
Such  alkaline  solutions  were  always  kept  in  paraflfin-lined  bottles  — 
a  procedure  which  suflSciently  preserved  their  initial  purity,  as  is 
evidenced  in  the  accompanying  analyses. 

For  example,  101.20  grams  of  solution  were  found  by  titration  to  be 
equivalent  to  9.8976  grams  of  a  certain  solution  of  hydrochloric  acid. 
On  the  other  hand,  12.9746  grams  of  this  latter  solution  were  found  to 
yield  10.3197  grams  of  silver  chloride.  Hence,  100.000  grams  of  the 
alkaline  solution  must  be  equivalent  to  7.8723  grams  of  silver  chloride 
or  must  contain  2.171  grams  of  dry  sodium  hydroxide.  The  solution 
contained  therefore  2.171  percent  of  alkali.  Other  analyses  are  tabu- 
lated below. 

The  end  point  was  essentially  the  same  with  methyl  orange  as  with 


6  Marignac,  Arch.  Sci.  Nat.,  66,  113  (1876). 


Digitized  by 


GooglQ 


184  PROCEEDINGS  OF  THE  AMERICAN  ACADEMY. 

phenol  phthalein,  thus  showing  that  the  carbonate  had  been  satis- 
factorily eliminated.  No  barium  could  be  found  by  careful  qualitative 
testing  in  a  solution,  but  a  minute  trace  of  sulphate  was  found  there. 
This  impurity  was  quite  too  small  in  amount  to  have  any  effect  on  the 
specific  heat. 

The  Concentrations  of  the  Purest  Sodium  Hydroxide  Solutions 

No.  Date  NaOH(%)  MoLs.HtO 

1  April,  1909  2.1710  100.06 

2  "        "  2.1703  100.10 

3  May      "  2.1709  100.07 


100.08 
4  October,  1909  2 .  1685  100 .  18 

A  solution  containing  enough  carbonic  acid  to  combine  with  1.3 
percent  of  the  alkaU  present  was  also  made  and  standardized  in  the 
same  way,  the  amount  of  carbonate  present  being  calculated  from  the 
difference  between  the  end  points  found  with  the  two  indicators  in 
the  usual  way.  The  specific  heat  of  this  solution  also  was  taken  in  a 
few  experiments.  They  did  not,  however,  dex-iate  more  from  those 
with  the  pure  solution  than  the  possible  error  of  the  experimentation, 
and  need  not  therefore  be  recorded.  Their  evidence  at  any  rate  was 
enough  to  verify  the  prediction  made  above  that  the  presence  of  a 
small  amount  of  carbonate  would  have  had  an  almost  if  not  quite 
negligible  effect. 

Potassium  Hydroxide, 

In  the  case  of  potas.sium  hydroxide  a  similar  method  was  used. 
Two  samples  were  prepared,  one  made  up  directly  from  the  purest 
obtainable  commercial  product  and  containing  1.8  percent  of  its  alkaU 
combined  with  carbonate,  and  the  other  freed  from  this  carbonate  in 
precisely  the  manner  desc  ribed  in  the  case  of  sodium.  The  analyses 
of  these  solutions  are  recorded  below.  They  were  essentially  identical 
in  total  alkalinity  and  no  difference  whatever  could  be  detected  in 
their  specific  heat.  Iliis  again  supports  the  conclusion  reached  in 
the  case  of  contamination  with  sodium  carbonate.  The  object  of 
preparing  the  two  solutions  in  the  case  of  potassium  as  well  as  that  of 
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sodiiim  lay  not  merely  in  skowing  the  small  eflfect  of  carbonate,  but 
also  in  verifying  the  analytical  portion  of  the  work.  The  agreement 
of  the  two  solutions  showed  that  no  numerical  mistake  had  been  made 
in  preparing  the  solutions,  and  therefore  gave  much  greater  reason  for 
confidence  in  the  accuracy  of  the  final  results. 

Of  the  two  solutions  of  potassium  hydroxide,  the  purer  was  found  in 
two  exx)eriments  to  contain  3.016  and  3.019  percent  of  the  solid  sub- 
stance, and  the  second  less  pure  solution  was  found  in  two  other  experi- 
ments to  be  equivalent  to  one  containing  3.015  and  3.016  percent  of 
pure  substance.  The  average  corresponds  to  the  molecular  concentra- 
tion KOH.lOO.lH2O.  As  usual,  weights  of  solution  varying  from  93 
to  132  grams  were  taken  from  the  weighing  burettes  in  each  analysb, 
hence  great  accuracy  was  easily  attained. 

Lithium  hydroxide. 

This  substance  was  less  easy  to  prepare,  because  the  material  to  be 
had  in  commerce  is  very  far  from  satisfactory,  as  a  rule.  The  sub- 
stance used  in  our  experiments  was  of  a  very  high  degree  of  purity, 
having  been  made  from  lithium  chloride  almost  pure  enough  for  the 
determination  of  atomic  weights.  The  chloride  had  been  prepared 
in  the  first  place  by  Dr.  H.  H.  Willard  as  one  of  the  preliminary  stages 
of  an  investigation  carried  out  by  him  in  collaboration  with  one  of  us 
upon  the  atomic  weight  of  this  metal,  and  its  purification  has  been 
described  elsewhere.  We  are  greatly  obliged  to  him  for  this  help. 
The  salt  contained  entirely  negligible  amounts  of  other  bases.  After 
two  recrystallizations  carried  out  in  order  to  be  sure  that  no  other 
anions  were  present,  the  chloride  was  converted  into  the  sulphate  by 
heating  in  a  platinum  dish  with  a  small  excess  of  very  pure  sulphuric 
acid.  The  pure  white  salt  thus  obtained  was  dissolved  in  water  and 
the  fairly  concentrated  solution  was  treated  with  an  excess  of  hot 
aqueous  barium  hydroxide.  After  settling,  the  solution  was  filtered 
and  the  excess  of  barium,  determined  gravimetrically,  was  precipitated 
by  precisely  the  proper  quantity  of  lithium  sulphate.  The  clear 
solution  obtained  after  settling  was  decanted  in  an  atmosphere  free 
from  carbon  dioxide;  and  after  its  concentration  had  been  determined, 
the  solution  was  diluted  with  enough  water,  also  free  from  carbon 
dioxide,  to  attain  the  desired  concentration.  Thus  the  latter  part  of 
the  procedure  was  essentially  like  that  employed  in  the  case  of  the  other 
alkalies,  and  the  product  was  strictly  comparable  with  those  used  in 
the  other  cases.     In  this  solution  no  trace  of  barium  or  carbon  dioxide 
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were  found  upon  careful  qualitative  analysis,  but  here  as  in  the  other 
cases  a  trace  of  sulphuric  acid  was  detected.  Two  analyses  gave 
identical  results,  showing  that  the  solution  contained  1.307  percent 
of  soHd  hydroxide,  thus  possessing  the  concentration  LiOH,  IOO.4H2O. 

It  will  be  noted  that  in  some  cases,  particularly  in  the  case  of  Hthium, 
the  solution  was  not  exactly  of  the  concentration  MX  100  H2O. 
A  moment's  consideration  will  show,  however,  that  the  specific  heat 
of  such  a  solution  is  different  by  only  a  negligible  amount  from  one  of 
the  exact  strength.  For  example,  the  specific  heat  of  XaOH  100  H2O 
is  0.9664  and  that  of  NaOH  200  H2O  is  0.9827.  Evidently  then 
the  addition  of  a  single  H2O  to  the  100  H2O  already  present  will  make 
a  difference  of  less  than  2  in  the  fourth  decimal  place,  and  0.4  H2O 
will  cause  a  difference  of  less  than  1  in  that  place, —  an  amount  beyond 
the  range  of  accuracy  of  the  experiments. 

In  making  the  calculations  the  following  international  atomic  weights 
have  been  assumed  O  =  16.000,  H  =  1.008,  CI  =  35.458,  Br  =  79.916, 
I  =  126.99,  N  =  14.008,  K  =  39.09,  Na  =  23.00,  Ag  =  107.88. 


The  Execution  of  the  Determinations. 

Having  thus  discussed  briefly  the  details  of  the  apparatus  and  of 
the  purification  of  the  substances  employed  we  may  turn  to  the  execu- 
tion of  an  experiment.  In  order  to  follow  the  description  reference 
to  the  figure  on  page  175  is  necessary. 

The  "submarine"  vessel  was  first  secured  in  position  with  its  lid  off, 
the  outer  bath  was  filled  almost  to  the  rim  of  the  vessel,  and  the 
temperature  of  its  crude  dilute  alkali  was  brought  to  the  point  at 
which  the  determination  was  to  start.  The  hquid  whose  specific 
heat  was  to  be  determined  was  then  placed  in  the  platinum  calori- 
meter, brought  to  the  desired  temperature,  rapidly  weighed  to  the 
nearest  centigram,  and  placed  in  position  within  the  "submarine." 

The  cover  of  the  "submarine,"  temporarily  suspended  from  a 
stand  in  the  neighborhood  of  the  calorimeter,  had  been  already  fitted 
with  its  various  attachments,  ready  to  be  clamped  into  place.  First, 
the  open  cap  (E)  of  the  platinum  bottle  had  been  arranged  in  such  a 
way  that  the  rest  of  the  apparatus  could  be  attached  below  it.  Then 
the  receptacle  for  the  alkali,  (F)  made  water-tight  by  means  of  a  rubber 
stopper  (r)  placed  in  the  hole  in  the  lower  part,  was  fixed  in  place. 
After  the  calorimeter  had  been  prepared  as  described  above,  the 
required  portion  of  caustic  soda  solution  was  measured  into  its  recep- 
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intervab.  The  complete  neutralization  within  the  platinum  bottle  was 
abundantly  proved  by  the  constancy  of  the  readings  of  the  thermom- 
eter after  six  or  eight  minutes. 

This  reaction  within  the  platinum  bottle  furnished  heat  which 
raised  the  outer  liquid  under  investigation  about  four  degrees  in 
tempjerature.  Because  the  source  of  heat  was  completely  surrounded 
by  the  calorimetric  liquid,  which  in  turn  was  adequately  stirred, 
irregularity  of  heating  effects  during  the  mixing  of  the  acid  and  alkali 
could  not  be  attended  by  any  thermal  loss.  From  the  curve  showing 
the  rise  of  temperature  with  time  (Figure  3),  it  is  clear  that  95  percent 


<1 


•   TUne  m  Minotei 
Figure  3.    Temperatures  in  degrees  and  time  in  minutes  are  plotted  as 
ordinates  and  abscissae  respectively.    At  the  expiration  of  three  mmutes  the 
inner  stirring  was  greatly  increased  by  the  raising  and  lowering  of  the  inner- 
most vessel. 

of  the  rise  occurs  during  the  first  five  minutes.  This  somewhat 
rapid  rise  was  easily  paralleled  in  the  outer  vessel  by  adding  acid  so 
that  there  was  no  difficulty  in  making  the  calorimetric  operation 
fully  adiabatic. 

The  total  heat  capacity  of  the  apparatus  was  equivalent  at  first 
to  12.24  grams  of  water,  made  up  aS  follows:  252.22  grams  of  plati- 
num constituting  the  calorimeter,  stirrer,  bottle,  cap  and  suspension, 
together  with  the  small  alkali  container  within  the  bottle,  was  assumed 
to  have  the  specific  heat  0.0324,  a  value  taken  as  the  most  probable 
after  comparing  a  large  number  of  recent  determinations.  This 
platinum  contained  a  little  iridium,  but  not  enough  to  affect  seriously 
its  specific  heat.  The  3.3  grams  of  rubber  had  a  water  equivalent 
equal  to  1.59.^     Later  a  heavier  rubber  stopper  was  used,  increasing 

7  Haldane,  Gee  and  Terry,  Report,  Brit.  Ass..  69,  516  (1889). 
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the  water  equivalent  of  the  rubber  to  2.02.  The  thermometer  had  a 
bulb  occupying  3.90  cubic  centimeters.  Taking  its  heat  capacity  per 
cubic  centimeter  according  to  Ostwald-Luther's  well  known  experience, 
this  corresponds  to  a  water  equivalent  of  1.83.  The  immersed  stem 
above  the  bulb  was  estimated  to  have  a  heat  capacity  of  0.65  on  the 
same  basis,  by  careful  weighing  of  bits  of  glass  tube  of  the  same 
diameter  and  thickness.  The  sum  of  all  these  water  equivalents  was, 
as  has  already  been  stated,  12.24.  About  114.8  grams  of  dilute 
sulphuric  acid  (requiring  21.37  grams  of  the  concentrated  caustic 
soda)  were  used  for  neutralization.  The  specific  heats  of  these  two 
solutions  were  taken  respectively  as  0.950®  and  0.8345.®  The  uni- 
formly employed  excess  of  caustic  soda  (about  3  percent)  above  the 
amount  needed  to  neutralize  exactly  the  sulphuric  acid  could  be  neg- 
lected because  its  heating  effect  was  enough  to  raise  it  through  the 
same  range  of  temperature  as  the  main  experiment  in  the  way  already 
explained.  Hence  the  water  equivalent  of  the  sulphuric  acid  was  109. 1 
and  of  the  caustic  alkali  17.83.  It  will  readily  be  seen  that  the  specific 
heat  of  neither  sulphuric  acid  nor  caustic  soda  needed  to  be  known 
with  very  great  accuracy  because  they  were  essentially  constant  in 
all  the  experiments.  A  slight  error  therefore  would  have  a  wholly 
negligible  effect  on  the  results,  which  are  relative  in  their  character. 
For  example  an  error  of  2  percent  in  the  value  assumed  for  the  spe- 
cific heat  of  the  acid  could  only  affect  the  final  results  by  a  few  thou- 
sandths of  one  percent,  and  tJbere  is  no  likelihood  that  the  assumed 
specific  heat  was  anything  like  so  much  as  even  one  percent  in  error. 

Data  of  a  Specimen  Experiment  upon  pure  Water.    Ser.  IA, 

No.  1. 
Temperature  Data. 
Initial  Thermometer  reading     *=       16 .  524° 
Total  Calibration  Correction    =—    0.033° 
Initial  Temperature  (corrected)  (Ti)  =  16.491° 

Final  Thermometer  reading  =  20 .  752° 
Total  Calibration  correction  ==  -  0.038° 
Final  Temperature  (corrected)  (fa)  =  20.714° 

Temperature  Interval  {T2-T1)  =  4.223° 

Stem  Exposure  Correction  .      =  +  0.001 

Tt- Ti  corrected  4^224° 

8  Marignac,  Arch.  sci.  nat.,  2,  39,  217  (1870);   Cattaneo,  Cim.,  3,  26,  50 
(1889).   Thomsen,  Ther.  Untersuch. 

9  Determined  by  the  Authors.    The  experimental  data  will  be  given  in 
another  paper. 
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Heat  Capacity  Data  (in  terms  of  water  equivalent). 
Water  in  calorimeter  =  450. 19  grams 

Calorimeter  and  fittings  =    12 .  24      ** 

21. 37  gms.NaOH(sp.ht.=  0.8345)=    17.83      " 
114.80gms.H2SO4(sp.ht.=  0.95)   =109.06      " 


Total  Heat  Capacity  =  589 .  32      " 

Total  evolution  of  heat  (Q)  589 .  32 X4 .  224°     2489 . 3  calories 
Heat  per  100  grams  of  acid  {Qm)  2168 . 4 

Heat  per  \  Mol  Acid  {U)  16949 

For  the  sake  of  convenience,  the  heat  evolved  per  gram  equivalent 
of  sulphuric  acid  is  called  U, 

All  the  other  experiments  upon  water  were  essentially  similar  in 
character  to  this.  They  were,  however,  carried  out  at  several  different 
temperatures  in  order  that  the  temperature  coefficient  of  the  reaction 
might  be  measured  under  precisely  the  conditions  of  the  experiment, 
because  the  heat  of  neutralization  varies  decidedly  with  the  tempera- 
ture. The  final  temperature  of  the  reaction  is  taken  as  the  tempera- 
ture corresponding  to  isothermal  evolution  of  heat,  because  the  heat 
capacities  of  the  factors  were  used  in  computing  the  total  heat  capa- 
city. ^°  In  this  and  in  all  the  subsequent  computations  the  specific 
heat  of  water  over  the  same  range  is  taken  as  the  unit.  As  the  matter 
is  entirely  one  of  comparison  between  similar  experiments,  this  is 
entirely  permissible  and  reduces  all  to  the  same  basis.  After  these 
introductory  remarks  the  two  series  of  experiments  with  water  alone 
in  the  calorimeter  at  about  20.7°  and  19.8°  C.  are  given  below  in 
order  that  the  range  of  accuracy  of  the  experiments  may  be  seen. 
In  this  table,  as  before,  Qioo  stands  for  the  heat  evolved  during  the 
neutralization  of  100.0  grams  of  dilute  acid,  and  U  signifies  this  same 
result  calculated  in  terms  of  the  gram  equivalent  of  sulphuric  acid. 

Inspection  of  the  results  shows  on  the  whole  a  very  satisfactory 
constancy.  The  three  experiments  of  Series  I  deviate  from  the 
mean  by  less  than  one-fortieth  of  one  percent,  all  having  been  taken 
at  about  the  same  temperature.  The  five  experiments  of  the  next 
series  are  less  satisfactory,  but  the  last  three  are  completely  con- 
cordant with  one  another  and  with  the  mean. 

From  the  two  averages  16,946  and  16,993,  taken  at  20.72°  and 
19.77°  respectively,  it  is  easy  to  compute  that  the  temperature  co- 

10  Richards.  Joum.  Am.  Chem.  Soc..  25,  209  (1903). 
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TABLE  II. 
Water  Standardization.    Series  I  and  II. 


No. 

Acid 
Sam- 
ple. 

Water. 

Acid. 

T,. 

T,-T,. 

Qto«. 

U 

1 

Aa 

gnu. 

450.19 

gnoi. 

114.80 

20.72° 

4.224 

calories. 

2168.4 

calories. 

16949 

2 

It 

450.18 

114.86 

20.70 

4.224 

2167.4 

16942 

3 

<i 

450.16 

114.88 

20.74 

4.226 

2168.1 

16947 

Total  av'ge 

450.18 

114.85 

20.72 

4.2247° 

2168.0 

16946 

1 

Ao 

450.18 

114.86 

19. 72** 

4.235° 

2173.0 

16986 

2 

Aa 

460.17 

114.85 

19.82 

4.237 

2175.8 

17008* 

3 

A^ 

450.15 

114.85 

19.75 

4.233 

2173.7 

16991* 

4 

A^ 

450.17 

114.86 

19.79 

4.233 

2173.5 

16990* 

5 

A^ 

450.18 

114.86 

19.77 

4.233 

2173.6 

16990* 

Tot'l  avge 

450.17 

114.856 

19.77 

4.2342° 

2173 ;9 

16993 

♦  The  ne 
0.43  gram 

w  and  hea\ 

s. 

ier  rubber 

stopper  in< 

creased  the 

water  equi 

valent  by 

eflScient  of  the  reaction  -~^  under  these  circumstances  is  -49.5  cal- 
ories. 

From  time  to  time,  in  order  to  show  that  the  acid  was  remaining 
constant  in  composition  and  that  each  of  the  two-liter  flasks  used  for 
the  storage  of  the  acid  contained  material  of  the  same  concentration, 
the  experiments  were  repeated  at  other  temperatures.  With  the  help 
of  the  temperature  coefficient  just  calculated,  one  finds  that  at  20*^.00 
the  reaction  should  evolve  16,982  calories,  at  20.47^  16,957  calories, 
and  so  on.  It  was  thus  possible  to  compare  the  observed  evolution 
of  heat  at  different  temperatures  with  that  calculated  in  this  way, 
and  thus  use  these  determinations  as  a  check  on  the  concentration  of 
the  sulphuric  acid, —  or,  viewed  from  the  other  standpoint,  as  a  means 
of  testing  the  accuracy  of  the  temperature  coefficient.  The  experi- 
ments thus  made  from  time  to  time  are  given  in  the  following  table. 
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exact  amount  of  heat  which  would  be  liberated  by  the  neutralization 
of  a  given  portion  of  acid  within  the  temperature  Umits  of  the  stan- 
dardization. By  replacing  the  water  of  these  earlier  experiments  by  a 
definite  amount  of  some  other  liquid,  a  direct  determination  of  the 
specific  heat  of  the  latter  could  be  made.  As  has  already  been  stated, 
the  experiments  were  so  conducted  —  by  regulating  the  amounts  of 
liquid  used  —  that  the  temperature  rise  in  all  the  determinations  was 
substantially  the  same.     The  case  of  HCl  100  H2O  may  be  taken  as 
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typical.  After  it  has  been  described  in  detail,  the  other  cases  will  be 
given  in  tabular  form.  The  purification  of  the  acid  and  the  prepara- 
tion of  the  solution  of  the  proper  strength  was  already  been  described. 

Although  the  method  was  similar  to  that  employed  in  the  case  of 
the  water,  it  will  perhaps  be  best  to  give  the  details  of  a  single  experi- 
ment, before  all  the  data  are  given  in  tabular  form. 

In  the  case  of  the  hydrochloric  acid  and  in  all  the  subsequent  cases 
the  total  heat  capacity  of  the  calorimetric  system  was  12.60  grams 
instead  of  12.24  grams  as  given  before,  on  account  of  the  use  of  other 
rubber  stoppers  weighing  4.05  grams  (instead  of  3.30  grams).  Be- 
cause of  the  smaller  specific  heat  of  hydrochloric  acid  as  well  as  its 
greater  density,  about  466.5  grams  of  this  acid  were  used  in  the 
calorimeter,  instead  of  450.2  grams  as  in  the  case  of  water.  A  pre- 
liminary series  of  eight  experiments  gave  an  average  rise  of  tempera- 
ture under  these  conditions  (the  average  final  temperature  being  20.34) 
of  4.231°.  This  corresponds  to  a  specific  heat  possessed  by  the  hydro- 
chloric acid  of  0.9635,  with  a  probable  error  (computed  according  to 
the  method  of  least  squares)  of  0.0002.  The  indi\ddual  results  need 
not  be  given,  as  they  were  only  approximate,  but  none  deviated  more 
than  0.1  percent  from  the  mean.  A  single  experiment  taken  at  ran- 
dom from  the  much  more  satisfactory  final  series  will  be  recorded  in 
detail  before  this  series  is  summarized. 

Data  of  a  specimen  determination  of  the  Specific  Heat  of 

HCI.IOOH2O. 

Series  2B,  No,  1.    Jan.  17,  1910, 

Temperature  Data. 

Initial  thermometer  reading      =       16.120° 

Total  Calibration  correction      =  —    0 .  038 

Initial  temperature  (corrected)  (Ti)  1 6 . 082° 

Final  temperature  reading         =       20.344° 

Total  Calibration  correction      =-    0.030° 

Final  temperature  (corrected)  (^2)  20.314° 

(Tt-Ti)  ^         4^232° 

Stem  exposure  corr.  =+    0.001° 

Temperature  inter\'al  (Ti-Ti)  corrected  ^         4.233° 

Heat  evolved  by  neutralization  of  acid:  — 

Weight  of  acid  =    1 14 .  87  gms. 

Q  for  100.00  grams  at  20.31°    =  2170.7  cals.^^ 
Q  for  114.87  grams  at  20.31°  =  2493.4      ** 

11  This  value  is  calculated  from  the  preceding  Table  II. 
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B 

466.54 

114.87 

20.31 

4.233 

0.9634 

2 

B 

466.55 

114.86 

19.75 

4.237 

0.9641 

3 

4 

B 
B 

466.50 
466.51 

114.86 
114.86 

20.08 
20.50 

4.239 
4.230 

0.9626 
0.9636 

Average. 
0.9634 

Total 

av'ge 

466.52 

114.863 

20.12 

4.235 

0.9634 

0.9634 
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The  mean  value,  then,  for  the  specific  heat  of  HCI.IOOH2O  over 
the  range  between  15.9°  and  20.1°  is  0.9634  compared  with  water 
over  the  same  range  of  temperature.  This  is  equal  to  the  results 
found  in  the  preliminary  series,  within  the  range  of  the  probable  error 
(0.0001).  It  will  be  noted  that  the  maximum  difference  from  the 
mean  is  considerably  less  than  0.1  percent.  The  probable  error  of 
the  seven  determinations  is  only  about  1  in  the  fourth  decimal  place. 
These  determinations  are  typical  of  the  experiments  made  wi^  the 
other  solutions.  Because  of  the  great  similarity  of  the  experiments 
to  one  another,  it  will  not  be  necessary  to  record  every  experiment, 
but  the  average  values  similar  to  the  total  averages  given  on  the  last 
line  of  the  table  above  will  be  given  for  each  of  the  essential  data, 
together  with  the  number  of  experiments. 

In  the  course  of  the  experiments  first  performed,  namely,  all  those 
on  hydrochloric  acid  and  sodium  hydroxide,  the  original  preparation 
of  sulphuric  acid  was  exhausted.  This  solution  (designated  A) 
contained,  as  has  been  already  stated,  6.275  percent  of  sulphuric  acid. 
For  the  remaining  experiments  it  was  necessary  to  prepare  a  new 
solution  (designated  B  below)  which  was  found  to  contain  6.283 
percent  of  acid.^^  In  order  to  make  assurance  doubly  sure,  this  new 
solution  was  used  in  ten  experiments  with  pure  water  in  the  calori- 
meter which  are  recorded  at  the  foot  of  the  table  below.  The  slightly 
greater  strength  of  the  acid  caused  the  average  rise  of  temperature  to 
be  slightly  greater  in  this  last  series  than  in  the  first.  At  20. 19°  the 
original  acid  would  have  caused  a  rise  of  4.229°,  and  with  this  new 
acid,  0 .  13  percent  more  concentrated,  the  rise  was  4 .  234°  —  an  exact 
proportionality.  No  more  satisfactory  evidence  of  the  consistency  of 
the  work  could  have  been  desired. 

12  In  this  connection  a  somewhat  interesting  demonstration  of  the  accuracy 
of  the  method  was  obtained.  The  sulphuric  acid  was  originally  analyzed 
by  titration  with  a  sodium  hvdroxide  solution  which  had  been  carefully  stan- 
dardized but  which  had  stood  for  some  months  in  a  paraffin-lined  bottle.  The 
mean  of  the  analyses  thus  conducted,  gave  the  strength  as  6.272  percent. 
When  the  heat  evolved  during  the  neutralization  of  i  molecule  of  acid  was 
determined  and  compared  with  that  shown  by  the  previous  lot  of  acid,the  ob- 
served and  calculated  results  showed  a  serious  discrepancy.  The  strength  of 
the  new  acid  was  calculated  from  the  thermal  data  and  found  to  be  6.282 
percent.  Investi^tion  of  the  bottle  containing  the  standard  alkali  showed  a 
break  in  the  paraffin  lining  which  had  permitted  contact  between  the  glass  and 
the  solution;  hence  the  alkali  had  become  slightly  more  alkaline;  a  fr^  alkali 
solution  was  prepared  and  carefully  standardize  and  by  its  use  the  acid  was 
again  analyzeid.  The  result  of  these  analyses  is  the  figure  given  above,  namely, 
6.283  percent  or  within  0.02  percent  of  that  calculation  from  the  thermal  data. 
It  is  clear,  therefore,  that  the  calorimetric  process  had  been  so  effectively  ar- 
ranged as  to  constitute  a  very  accurate  process  of  quantitative  acidimetric 
analysis. 
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Of  course,  in  each  case  where  acid  B  was  used,  the  higher  value 
must  be  used  in  the  computation,  whereas  in  each  case  where  acid 
A  was  used,  the  lower  value  is  the  proper  one. 

In  the  following  table  each  series  of  experiments  used  the  average 
quantity  114.863  grams  of  sulphuric  acid  per  experiment  —  at  least 
the  deviation  from  this  average  amount  was  smaller  than  the  probable 
experimental  error,  so  that  the  amount  may  be  taken  as  a  constant. 
In  none  of  the  individual  experiments  except  in  the  first  series  with 
water  (Table  II),  did  the  amount  of  acid  exceed  114.87  grams  or 
sink  below  114.85  grams.  The  averages  for  the  several  series  were 
much  closer  to  114.863  than  this.  The  heat  capacity  pf  the  solid 
apparatus  also  was  constant,  being  always  12.60  grams  except  in  the 
first  four  experiments  with  water  already  tabulated;  and  a  constant 
amount  of  caustic  alkali  was  used  as  always.  The  other  quantities 
found  in  the  experiments  are  given  in  the  following  table,  the  figures 
there  being  (as  has  been  said)  total  averages  similar  to  those  given 
at  the  foot  of  the  table  just  above.  Because  of  the  great  similarity  of 
the  experiments,  it  does  not  seem  worth  while  to  give  each  one  in 
detail.  Anyone  can  calculate  for  himself  the  average  results  for  the 
specific  heats  from  the  data  given  below.  The  only  essential  figures 
not  immediately  indicated  by  the  table  are  the  deviations  among  the 
individual  experiments,  but  these  are  sufficiently  shown  by  the  "  pro- 
bable errors"  given  in  the  last  column,  calculated  according  to  the 
theory  of  least  squares.  From  this  it  will  be  seen  that  two  of  the 
series  were  somewhat  less  concordant  than  that  given  above,  but 
most  of  them  were  fully  as  good  as  the  sample  series,  or  indeed  even 
better.  In  another  respect,  also,  perhaps,  this  table  of  averages 
does  not  quite  do  justice  to  the  work: —  it  does  not  give  a  vivid  repre- 
sentation of  the  very  large  expenditure  of  labor,  extending  over  many 
months,  which  was  needed  to  obtain  the  numerous  results  so  concisely 
tabulated. 

The  main  object  in  determining  these  specific  heats  was  to  provide 
a  basis  for  computing  the  heats  of  neutralization  of  the  various 
substances  in  question,  but  the  values  are  nevertheless  not  without 
interest  in  themselves. 

The  significance  of  results  of  this  sort  are  of  course  most  easily  per- 
ceived when  the  results  are  computed  in  terms  of  gram-molecules,  and 
after  this  has  been  done,  two  sets  of  comparisons  are  possible:  —  in 
the  first  place,  the  effect  of  dilution  upon  the  molecular  heat  of  a 
given  substance,  and  in  the  next  place  the  effect  of  varying  the  ions 
concerned. 


Digitized  by 


GooglQ 


RICHARDS   AND   ROWE. —  SPECIFIC  HEATS  OF   UQUIDS. 


197 


TABLE  V. 
Data  and  Results  of  Determination  of  Specific  Heats. 


No. 

of 

Exp. 

Sam- 
ple of 
&SO4. 

Weight 
Solution. 

Average 
Final 
Temp. 

19.77° 

Av'ge 
Rise  of 
Temp. 

Sp.  Heat 
(Range 
about 

16-20.2«.) 

Probable 
Error. 

H,0  at  19.77° 

513 

A 

450.18 

4.234 

Standard 

H/)  at  20.39° 

414 

A 

450.18 

20.39 

4.227 

Ch'kexp. 

H2O  at  20.72° 

315 

A 

450.18 

20.72° 

4.225 

Standard 

HC1200H,O 

8 

A 

458.99 

20.24 

4.226 

0.9814 

*0.0002 

HCl  100H,O 

7 

A 

466.52 

20.12 

4.235 

0.9634 

=*=0.0001 

HBr  lOOHjO 

4 

B 

471.18 

20.29 

4.276 

0.9433 

=^0.0000 

HI  100H,O 

6 

B 

480.20 

20.41 

4.2885 

0.9213 

dbO.OOOl 

HNO3 100H,O 

7 

B 

467.45 

20.31 

4.249 

0.9584 

:*=0.0002 

Ha04  lOOHjO 

4 

B 

471.17 

20.34 

4.283 

0.9466 

:*=0.0001 

KOH  lOOHiO 

4 

B 

471.18 

20.04 

4.232 

0.9568 

*0.0001 

NaOH  lOOHiO 

6 

A 

465.13 

20.29 

4.233 

0.9664 

*0.0001 

NaOH200HiO 

7 

A 

457.97 

20.08 

4.231 

0.9827 

:*=0.0001 

LiOH  lOOHaO 

5 

B 

461.19 

20.34 

4.2154 

0.9813 

*0.0001 

H/)  at  20. 19° 

10 

B 

450.18 

20.19 

4.234 

Standard 

Let  us  consider  first  the  effect  of  diluting  the  hydrochloric  acid. 
The  solution  HCl .  100  H2O  weighs  per  gram  molecule  of  hydrochloric 
acid  36.46  +  1801 .5  grams.  With  a  specific  heat  0.9634  this  gives 
a  molecular  heat  1770.6.  When  100  gram  molecules  of  water  have 
been  added  to  this  solution,  it  then  has  a  total  molecular  weight 
3639 . 5  and  a  molecular  heat  capacity  of  3571 . 8  calculated  from  its 
specific  heat  0.9814.  The  difference  between  the  total  molecular 
heat  capacities  of  these  two  solutions  is  1801 .2  or  almost  the  same  as 


13  See  Table  II. 

14  See  Table  III. 

15  See  Table  II. 
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the  heat  capacity  1801 . 5  of  the  added  water.  The  slight  decrease  is 
no  larger  than  the  possible  experimental  error;  but  it  is  probable  that 
the  dilute  solution  really  does  sufiPer  a  small  diminution  of  about  this 
order. 

Carrying  out  the  same  calculation  for  sodium  hydroxide  we  find 
the  molecular  heat  capacity  for  NaOH.lOO  H2O,  1780,  and  that  for 
NaOH.200  H2O  to  be  3580.  The  difference  here  again  is  slightly  less 
than  the  heat  capacity  of  the  added  water,  being  1800,  instead  of 
1801 .5  —  a  difference  of  almost  0 . 1  percent. 

Evidently  solutions  of  strong  bases  and  acids  containing  as  much  as 
100  molecules  of  water  (about  half  normal  in  equivalent  concentra- 
tion) are  already  so  dilute  that  most  of  the  added  water  is  unaffected, — 
or  at  least,  such  small  changes  as  the  water  suffers  must  be  balanced 
by  contrary  effects.  Thus  the  specific  heat  of  any  more  dilute  solu- 
tion may  be  calculated  with  considerable  precision  from  the  data  con- 
tained in  this  paper. 

Turning  now  to  the  comparison  of  the  different  substances,  all  in 
solutions  containing  100  molecules  of  water  for  each  molecule  of  dis- 
solved substance,  we  find  other  interesting  and  significant  relations. 
The  following  table  presents  the  molecular  heats  of  all  the  substances 
for  comparison: — 

TABLE  XIV. 

The  Molecxtlar  Heats  of  the  Acid  and  Alkau  Solutions  of  the  Type 

MX.  100  H/) 


Solution. 

Molecular  Weight. 

Spedflc  Heat. 

Molecular  Heat. 

HCl 

1801.5+    36.46 

0.9634 

1771 

HBr 

"       +    80.92 

.9433 

1776 

HI 

"       +  128.00 

.9213 

1778 

HNO» 

"       +    63.02 

.9584 

1787 

HCIO 

"       +  100.46 

.9466 

1801 

LiOH 

"       +    23.95 

.9813 

1791 

NaOH 

"       +    40.00 

.9664 

1780 

KOH 

"       +    56.10 

.9568 

1777 
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From  this  table  it  is  clear  that  the  molecular  heat  increases  with 
the  molecular  weight  in  the  case  of  the  halogen  acids.  The  further 
increase  in  the  case  of  nitric  and  perchloric  acid  is  only  to  be  expected 
from  the  increasing  size  and  complexity  of  these  molecules.  On  the 
other  hand  it  is  noticeable  that  in  the  case  of  the  alkalies  the  molecular 
heats  diminish  as  the  atomic  weight  of  the  metal  increases. 

Of  course  many  circumstances  lie  at  the  basis  of  these  phenomena; 
the  degree  of  ionization,  the  degree  of  hydration  of  both  the  ions  and 
of  the  undissociated  substance;  and  indeed  all  those  other  as  yet 
undetennined  factors  which  together  produce  the  specific  volimaes 
and  all  the  other  properties,  of  solutions  come  into  play  here  also. 
Whatever  may  be  the  ultimate  interpretation  of  these  matters,  it  b 
clear  that  the  data  just  given  must  receive  consideration  in  the  final 
estimate  of  the  situation. 

It  is  a  pleasure  to  express  our  indebtedness  for  the  generous  subsidy 
of  the  Carnegie  Institution  of  Washington,  upon  which  we  have  de- 
pended for  the  purchase  of  the  apparatus  and  chemicab  needed  in 
this  investigation. 

Summary. 

In  this  communication  an  improved  apparatus  for  the  determina- 
tion of  the  specific  heats  of  solutions  or  other  liquids  has  been  described. 
The  method  depends  upon  the  liberation  of  definite  quantities  of  heat 
by  the  neutralization  of  definite  quantities  of  pure  sulphuric  acid. 

The  apparatus  is  capable  of  giving  results  of  great  accuracy.  The 
individual  deviations  are  such  that  with  five  or  six  experiments  the 
■"probable  error"  of  the  average  specific  heat  is  usually  less  than 
0.0001.  Because  of  this  high  degree  of  accuracy,  it  b  evident  that 
the  mercury  thermometers  used  are  an  adequate  means  of  measuring 
temperature  for  this  purpose. 

With  this  apparatus  the  specific  heats  of  dilute  solutions  of  hydro- 
chloric, hydrobromic,  hydriodic,  nitric,  and  perchloric  acids,  as  well 
as*  of  lithium,  sodium,  and  potassium  hydroxides  have  been  deter- 
mined. 

From  these  results  the  molecular  heats  of  the  solutions  have  been 
calculated,  and  relations  between  them  pointed  out.  It  is  shown  that 
the  molecular  heats  vary  in  a  systematic  manner. 
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Part  I. 

The  most  prominent  topographic  feature  in  Eastern  Massachusetts 
is  the  range  of  hills,  known  as  the  Blue  Hills,  lying  a  few  miles  south 
and  southeast  of  Boston,  chiefly  in  the  towns  of  Quincy  and  Milton. 
The  range,  which  forms  the  southern  rim  of  what  is  known  as  the 
Boston  Basin,  begins  on  the  west  in  a  beautifully  rounded  hill,  The 
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the  more  important   quarries  of   the  Quincy  district   by  T.  Nelson 
Dale.^    The  last  mentioned  paper  contains,  besides  the  descriptions 


1  Occasional  Papers,  Boston  See.  Nat.  Hist.,  4,  19,  (1895). 

2  Tenth  Census  U.  S.,  10,  p.  18. 

3  Descriptive  Cat.  of  American  &  Foreign  Rocks,  Boston,  No.  71  (1883). 

4  Building  and  Ornamental  Stones.     Report  U.  S.  Nat.  Mus.,  p.  409  (1886). 

5  Notes  on  the  petrography  of  the  Boston  Basin.     Boston  Soc.  Nat.  Hist. 
28,  No.  6  (1897). 

6  American  Journal  of  Science,  166,  p.  181  (1898). 

7  Bull.  No.  354,  U.  S.  G.  S.  (1908). 


/Google 


Digitized  by" 


WARREN. —  ALKALI-GRANITES   AND   PORPHYRIES.  205 

of  the  granite  from  various  quarries,  quantitative  estimates  of  the 
mineral  composition  as  well  as  many  interesting  and  valuable  state- 
ments regarding  the  grain,  joint  structures,  and  other  features  relating 
to  the  economic  aspects  of  the  granite  and  quarries. 

A  recent  paper  by  G.  F.  Loughlin  ^  discusses  the  geology  of  the  area 
particularly  with  reference  to  the  probable  relations  of  the  intrusive 
rocks  to  the  associated  sedimentary  formations. 

The  pegmatites  occurring  in  two  of  the  quarries  on  North  Common 
Hill,  Quincy,  have  been  described  together  with  their  minerals  by 
Charles  Palache  and  the  writer.® 

During  the  earlier  part  of  the  writer's  work  on  these  rocks  he  had 
the  assistance  of  Dr.  J.  D.  Trueman  who  was  at  that  time  pursuing 
studies  leading  to  the  degree  of  Master  of  Science  at  the  Massachu- 
setts Institute  of  Technology,  and  whose  recent  lamentable  death  by 
drowning  while  working  for  the  Canadian  Geological  Survey  has 
deprived  geology  of  one  of  its  most  promising  and  enthusiastic 
workers.  The  preliminary  results  obtained  by  Dr.  Trueman  were 
embodied  in  his  Master's  thesis  and  the  \^Titer  wishes  to  acknowledge 
his  indebtedness  to  Dr.  Trueman  for  much  careful  and  discerning 
field  and  laboratory  work. 

Almost  the  entire  field  has  been  gone  over  with  great  care  by  the 
writer  in  person,  and  in  this  task  he  has  been  greatly  helped  by  the 
exceedingly  full  descriptions  contained  in  Professor  Crosby's  memoir, 
and  has  had  the  further  advantage  of  the  latter's  company  on  several 
field  excursions  and  of  his  keen  interest  in  the  work  throughout. 

The  author  wishes  here  to  express  his  thanks  to  the  Metropolitan 
Park  Commission  for  permission  to  collect  specimens  within  the  Blue 
Hill  Reservation. 

Summary  of  the  geology  of  the  area. —  Those  wishing  to  inform 
themselves  regarding  the  general  geologic  features  of  the  area  are 
referred  to  the  paper  by  G.  F.  Loughlin,  previously  mentioned,  or  in 
case  more  detailed  information  is  desired,  the  memoir  of  Professor 
Crosby  should  be  consulted.  It  will  be  sufficient  here  to  give  only  a 
very  brief  summary  of  the  geology. 

The  alkaline  rock  series,  as  it  may  be  called,  occupies  a  roughly 
elliptical  area  ha\nng  a  nearly  east -west  major  axis  of  al)out  9 
miles  (15  km.)  in  length,  and  a  minor  axis  of  from  two  to  three  miles 
(3  to  5  km.).     Its  eastern  end  lies  near  the  Weymouth-Fore  river. 


8  American  Journal  of  Science.  32,  (July,  1911). 

9  These  Proceedings,  47,  No.  4  (July,  1911). 
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Thence  it  extends  to  its  abrupt  termination  at  the  Neponset  Valley 
along  the  western  base  of  the  Great  Blue  Hill.  The  Fore  River  as 
well  as  the  Neponset  Valley  probably  mark  great  north  and  south 
faults.  On  the  north,  along  a  line  crossing  northern  Quincy  and  south- 
em  Milton,  the  alkaline  rocks  are  bounded  by  an  east-west  fault 
contact  with  the  carboniferous  sediments  of  the  Boston  Basin.  At  the 
eastern  end  on  the  southern  side,  in  northern  Weymouth,  the  alkaline 
rocks  are  probably  in  fault  contact  (not  actually  exposed)  with  an  essen- 
tially sub-alkaline  granite,  then  for  a  short  distance  in  fault  contact 
with  Cambrian  slates  or  granite  through  northern  Braintree.  Further 
west  they  are  in  conformable  contact  with  the  coarse  (basal)  carbonif- 
erous conglomerate  of  the  Norfolk  Basin.  On  all  sides,  then,  the 
boundaries  are  practically  great  major  faults,  and  the  alkaline  rocks 
comprise  essentially  a  great  fault  block,  or  more  correctly  two,  an  east- 
em  and  western  member,  and  these  appear  to  have  been  elevated, 
particularly  the  western  and  larger  block,  which  was  also  tilted  up  at 
the  north  more  sharply  than  the  eastern  member.  ^^  The  eastern 
block  is  crossed  by  numerous  minor,  chiefly  north  and  south,  faults. 
These  as  well  as  the  major  boundary  faults,  and  their  dissection  of 
the  area,  have  been  most  fully  and  carefully  worked  out  and  described 
by  Crosby. 

The  alkaline  rocks  are  intrusive  into  C'ambrian  (certainly  as  late  as 
middle  Cambrian)  sediments,  consisting  essentially  of  slate  with 
quartzitic  and  limy  bands.  They  are  certainly  earlier  than  the 
adjoining  sediments  in  the  Norfolk  Basin,  an  arm  of  the  Narragansett 
Basin,  which  are  carboniferous,  but  at  present  their  exact  age  cannot 
be  stated.  In  the  immediate  neighborhood  of  the  granite,  the  slates 
have  been  indurated  and  somewhat  metamorphosed,  but  extreme 
metamorphism  is  not,  it  is  important  to  note,  a  characteristic  of  such 
of  the  sediments  as  now  remain. 

Although  all  of  the  rocks  of  the  series  were  undoubtedly  intruded 
during  a  single  great  period  of  intmsion,  one  member,  the  aporhyolite, 
has  been  held  by  Crosby  to  be  the  youngest  of  the  alkaline-rocks. 
As  will  be  shown  beyond,  there  is  reason  to  believe  that  it  was  earlier 
than  the  other  rocks  of  the  series. 

With  the  exception  of  the  large  number  of  small  dikelets  of  micro- 
granite  that  are  found  cutting  the  slate  at  the  contacts,  and  of  which 
Professor  Crosby  has  given  us  a  very  detailed  description,  of  the  dikes 
of  granite  cutting  the  slate  in  the  Pine  Tree  Brook  Reservation  and 


10  See  Crosby,  loc.  cit.,  p.  534  ct  seq. 
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the  porphyry  in  the  region  about  Chickatawbut  Hill,  of  one  or  two 
narrow,  fine  grained  granitic  stringers  cutting  the  granite  elsewhere 
near  its  contact  or  passage  into  the  contact  porph>Ty,  and  of  the  small 
dikes  of  pegmatite  found  at  one  or  two  points  in  the  area  (also  near 
the  porphyry  cover),  dikes,  genetically  connected  with  the  alkaline 
magma,  are  conspicuous  by  their  absence.  The  complementary  dikes 
formed  by  differentiation,  which  are  so  prominent  a  characteristic  of 
many  intrusions  of  alkaline  rocks,  are  here  entirely  absent.  This 
peculiarity  is  believed  to  be  due  in  part,  as  will  be  pointed  out  later, 
to  the  chemical  composition  of  the  magma,  and  in  part  to  the  consoli- 
dation of  the  magma  relatively  near  the  surface. 

The  alkaline  rocks  as  well  as  the  slates  have  been  cut  by  a  later 
series  of  basic  dikes.  These  are  for  the  most  part  heavily  altered 
but  appear  to  have  been  all  essentially  diabasic  in  character  and 
certainly  bear  no  near  relation  to  the  alkaline  rocks.  Neither  these 
nor  an  older,  pre-granitic  series  of  trap  dikes  cutting  the  slates  in  the 
northern  part  of  the  area  will  be  described  here. 

The  entire  area,  like  all  of  Eastern  Massachusetts,  has  been  exposed 
to  erosion  since  the  close  of  the  Appalachian  revolution.  This  erosion 
has  removed  all  of  the  carboniferous  strata  and  nearly  all  of  the  in- 
vaded Cambrian  or  older  sediments,  together  with  a  great  thickness 
of  the  upper  portions  of  the  alkaline  rocks,  particularly  over  the  north- 
ern and  once  more  elevated  part.  Much  of  the  original  porphyry 
cover  over  the  southern  and  western  part  of  the  area  remains  and 
these  rocks  now  make  up  practically  the  whole  of  the  Blue  Hills 
proper. 

Besides  its  alkaline  character,  somewhat  peculiar  chemical  and 
mineralogical  characters,  a  leading  characteristic  of  this  intrusion  is 
that  it  consolidated  under  conditions  which  resulted  in  the  formation 
of  a  thick  protecting  cover  of  porphyritic  or  even  glassy  rocks,  which 
differ  from  those  beneath  chiefly  in  texture:  differentiation  did  not 
take  place  to  any  great  extent  and  erosion  has  left  the  original  igneous 
cover  to  a  considerable  extent  unimpared  for  observation  and  study. 

Rock  Types.  —  The  rocks  of  this  series  are  all  characterized  by  the 
presence  of  soda-p>otash  feldspars  either  in  the  form  of  a  homogeneous 
mixture  (truemixed  crystal?),  cryptoperthite  or  microperthite :  by 
the  presence  of  either  alkali-hornblends  or  pyroxenes  or  both,  and, 
with  the  exception  of  one  member,  by  the  presence  of  abundant 
quartz.     They  may  be  divided  into  the  following  types:  — 

I  —  (a)  Medium  to  coarse  grained,  riebeckite-aegirite-micro- 
perthite-granite  (Quincy  t^-pe):  (b)  the  same,  but  with  an  incon- 
spicuous porphyritic  habit.     (Rattlesnake  Hill  type.) 
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II  —  Fine  grained  granite  similar  in  mineral  composition  to  I,  but 
predominately  riebeckitic  and  of  a  little  more  basic  composition. 

III  —  The  Blue  Hill  Porphyries:  riebeckite,  aegrite  bearing,  quartz- 
feldspar  or  granite  porphyries. 

IV  —  Dark,  alkali-feldspar-  or  rhombenporphyry. 

V  —  Cognate  Xenolithes  occurring  in  1  and  III.  These  are  for 
the  most  part  fine  grained  varieties  usually  porphyritic  and  more 
basic  than  the  granite. 

VI  —  Aporhyolite. 

To  these  may  be  added,  fine-granite  and  pegmatites,  both  of  rare 


occurrence. 


I. —  The  Coarse-Granite. 


Distribution. —  Reference  to  the  map  (No.  I)  will  show  that  the 
granite,  so  far  as  its  surface  exposure  is  concerned,  occupies  somewhat 
less  than  one-half  of  the  exposed  area  and  if  we  assume  that  the 
extensive  areas  in  the  western  section  now  covered  with  drift  are 
underlain  by  granite,  which  is  probably  the  case,  then  the  porphjTies 

General  map  of  the  Quincy-Blue  Hill  Area.    No.  I. 
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This  map  is  based  on  the  regular  Topographic  map  of  the  U.  S.  Geological 
Survey,  the  only  available  map  of  the  area  as  a  whole.  Although  not  aa  good 
as  could  be  desired  it  will  serve  to  show  the  general  location  of  the  area  in 
question  and  the  approximate  distribution  of  the  principal  rock  types.  To 
show  their  exact  occurrence  on  a  suitable  scale  would  demand  an  expenditure 
of  time  and  money  that  are  prohibitive  and  would  serve  no  very  useful  purpose. 
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The  contact  relations  of  the  granite  and  the  associated  rocks  will 
be  discussed  later  after  these  have  been  described. 

The  appearance  and  general  characteristics  of  this  granite  are 
probably  as  well  known  as  those  of  any  rock  in  the  country,  owing  to 
its  wide  use  as  a  building  and  ornamental  stone  and  to  the  descriptions 
already  made  of  it  by  Dale  and  the  other  authors  previously  mentioned. 
In  fact  the  present  description  is  undertaken  partly  for  the  sake  of 
bringing  into  one  place  the  descriptions  of  all  the  alkaline  rocks  of  the 
area,  and  partly  for  the  purpose  of  adding  certain  mineralogical  and 
chemical  data  of  interest.  No  attempt  will  be  made  here  to  describe 
several  minor  variations  in  the  granite  due  to  local  alteration.  P'or 
these  the  paper  by  Dale  should  be  consulted,  as  well  as  for  many 
interesting  details,  relating  to  the  rift,  grain  and  joint  structure  of  the 
granite. 

Petrographic  characters  —  Megascopic. —  The  normal  ty|>e  is  a  holo- 
crystalHne,  coarse,  equigranular  rock  (4  to  8  mm.) ;  prevailingly  gray — 
light  to  dark  gray,  bluish  or  greenish  gray;  where  altered  pinkish, 
reddish  or  purplish  and  greenish.  The  minerals  are :' —  alkali  feldspar, 
colors  as  above;  quartz,  clear  glassy  to  dark  smoky,  less  commonly 
bluish  and  opalescent;  black,  lustrous  and  beautifully  cleavable 
hornblende  in  prominent,  irregular  spK)ts,  usually  intergrown,  particu- 
larly about  the  margins,  with  light,  to  dark  green  aegirite;  occasional 
separate  grains  of  dark  green  aegirite;  very  rarely  small  purplish  spots 
of  fluorite  and  small  brown  zircon  crystals.  Occasionally  the  hom- 
blende-aegirite  spK)ts  which  have  suffered  alteration  are  replaced  by  a 
soft  brownish  or  yellowish  clay-like  material.  The  rock  is  remarkable 
for  the  beauty  of  its  polished  surfaces,  particularly  its  darker  varieties. 

In  places  where  the  granite  approaches  the  granite-porphyry,  its 
marginal  phase,  the  rock  is  not  quite  so  coarse  in  grain  and  the  equi- 
granular texture  gives  place  to  a  distinct  but  not  prominent,  gran- 
op  hjTic  one.     (Rattlesnake  Hill  t>'pe.) 

In  the  medium  gray  t>'pe  of  granite,  which  is  by  far  the  most 
abundant  type,  occur  irregular  and  ill-defined  darker  streaks  and 
cloud-like  masses  which  grade  more  or  less  insensibly  into  the  other. 
The  darkest  phase  of  the  granite  is  known  under  the  name  of  "  black 
granite**  and  is  the  most  highly  prized  variety  from  the  commercial 
point  of  view.  As  will  be  pointed  out  later,  these  dark  portions  of 
the  granite  appear  to  owe  their  darker  color  to  a  greater  abundance  of 
the  minute  crystallizations  of  riebeckite  and  magnetite  in  the  feld- 
spars. While  this  difference  may  be  due  in  small  measure  to  slight 
differences  in  original  composition,  it  is  believed  to  result  from  a 


Digitized  by 


GooglQ 


Digitized  by 


GooglQ 


WARREN. —  ALKALI-GRANITES   AND   PORPHYRIES.  213 

crystal.  It  often  extends  out  with  the  same  orientation  in  the  form 
of  rather  sharply  bounded  projections  into  the  adjoining  microperthite 
grains.  WTien  developed  along  the  sides,  it  not  infrequently  sends  out 
little  prongs  and  hooks  into  the  adjoining  crystal  much  in  the  manner 
described  by  Frisson  ^^  for  the  albite  in  the  perthite  of  the  Red  Hill, 
New  Hampshire  nephelite-syenite.  The  microcline  member  is  twinned 
almost  exclusively  after  the  albite  law  only,  and  therefore,  lacks  the 
characteristic  "gitter"  structure  usually  associated  with  that  mineral. 
The  twinning  lamellae  are  relatively  shorter  and  broader  than  those 
of  the  albite  member  and  their  boundaries  lack  sharpness  in  most 
cases.  The  twinning  in  the  microcline  is  not  uniform,  even  in  a  single 
individual,  and  considerable  portions  may  show  little  or  no  twinning. 
Its  optical  properties  indicate  that  it  is  a  nearly  pure  microcline  and 
not  a  soda-rich  variety.  The  intergrowth  as  it  stands  is  apparently 
a  mixture  of  nearly  pure  albite  and  potash  feldspar. 

A  small  amount  of  albite  occurs  in  the  rock  in  the  form  of  separately 
crystallized  grains  occurring  along  the  sides  of  the  larger  crystals,  or 
in  the  interstices  between  them.  There  is  often  a  suggestion,  however, 
that  many  of  these  were  originally  continuous  growths  with  the  albite 
of  the  adjoining  microperthite  crystals,  and  that  they  have  subse- 
quently been  deorientated  by  a  slight  movement  in  the  mass. 

The  relations  of  the  two  feldspars  detailed  above  is  the  normal 
relation  seen  without  substantial  variation  in  a  great  number  of  thin 
sections  from  the  granites  of  the  quarries.  In  the  granite  from  various 
parts  of  the  area  and  particularly  from  certain  quarries,  considerable 
variations  from  this  texture,  however,  may  be  seen.  The  micro- 
perthite frequently  contains  random  crystals  of  albite,  often  in  con- 
siderable abundance.  These  are  usually  very  small  and  have  a  slightly 
elongate,  prismoid  habit  but  do  not  possess  sharp  terminations. 
Again  the  microperthite  may  contain  much  larger,  curiously  irregular 
grains  of  albite,  often  including  perthitically  intergrowTi  microcline. 
A  number  of  these  albites,  much  interdented  along  their  contacts,  may 
replace  a  good  portion  of  an  original  feldspar  crystal.  Still  again  the 
microperthite  may  be  replaced  in  part  or  almost  entirely  by  aggregates 
of  elongated,  parallelly  arranged,  mutually  interdented  crystals  of 
albite.  Some  potash  feldspar  may  usually  be  noted  intergrown  with 
the  albite.  These  crystals  are  often  obviously  arranged  with  their 
longer  axes  parallel  to  the  original  direction  of  perthitic  intergrowth, 
but  not  always.     They  appear  sometimes  in  the  center  of  a  micro- 


12  American  Journal  of  Science,  23,  p.  272. 
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scopic  study,  it  is  difficult  to  escape  the  thought  that  they  must 
affect  somewhat  the  density  of  the  rock,  and  they  must  certainly 
render  it  more  susceptible  to  the  action  of  chemical  alteration. 

The  quartz  is  throughout  highly  xenomorphic  in  its  outlines.  The 
undulatory  and  broken  extinction  in  most  of  its  grains  show  that  all 
of  it  has  been  subjected  to  strain.  Much  of  it,  particularly  in  sections 
which  show  granulation  and  secondary  recrystallization  of  the  micro- 
perthite,  is  broken  and  in  extreme  cases  (granite  from  the  Gold-Leaf 
quarry)  it  has  been  reduced  to  a  mosaic  of  small  grains.  All  of  the 
quarte  contains  abundant  cavities,  the  majority  of  the  large  ones  con- 
taining liquid  with  a  movable  bubble.  They  are  usually  arranged  in 
gently  curving  lines  across  the  quartz  and  in  many  cases  obviously 
mark  the  direction  of  an  old  resealed  fracture.  ^^  Minute  particles 
of  iron  oxides  are  closely  associated  with  the  cavities.  The  quartz 
also  includes  rather  rarely  small  riebeckites,  but  this  is  generally,  if 
not  always,  along  fractured  or  broken  zones.  The  quartz  commonly 
includes,  and  is  intergrown  vnih,  aegirite;  the  same  is  also  true  of 
zircon,  although  the  latter  is  of  course  much  less  abundant  than  the 
aegirite. 

The  hornblende,  always  with  more  or  less  aegirite,  forms  irregular 
patches  of  approximately  the  same  area  as  the  feldspar  grains.  Two 
or  more  crystals  are  often  grouped  together.  Its  crystals  are  usually 
broad  with  a  tendency  toward  prismatic  elongation.  Toward  the 
quartz  it  often  develops  its  prism  zone,  but  these  are  marked  by 
many  projecting  points  and  irregularities.  Although  it  often  pene- 
trates the  borders  of  feldspar  it  is  also  found  wrapped  about  the  end 
of  the  microperthite  grains,  and  seems  generally  to  have  been  con- 
trolled as  to  its  external  form  by  the  more  abundant  and  dominant 
mineral.  Along  its  prism  zone  where  seen  in  contact  with  feldspar 
and  quartz  it  shows  a  highly  ragged  contact  surface.  Even  when  low 
magnifying  powers  show  a  fairly  well  marked  line,  higher  powers 
resolve  the  contact  surface  into  a  series  of  irregular  projections  and 
indentations.  The  hornblende  is  often  separated  to  a  greater  or  less 
extent  from  the  other  minerals  by  a  growth  of  aegirite.  Although 
the  aegirite  seems  to  have  attached  itself  occasionally  to  an  original 
crystal  surface  of  the  hornblende,  it  is  usually  found  interpenetrated 
with  the  latter,  the  vertical  axes  of  the  two  being  parallel.  Outwardly 
the  aegirite  develops  to  the  exclusion  of  the  hornblende,  particularly 

13  Compare  with  description  of  the  pegmatite  quartz  where  more  details 
are  given.     Warren  and  Palache,  These  Proceedings,  47,  No.  4,  (July,  1911). 
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about  the  ends  where  it  is  usually  seen  in  greatest  abundance.  Al- 
though the  marginal  aegirite  may  fonn  a  continuous  mass  about  the 
hornblende,  it  more  often  consists  of  a  number  or  many  individual 
crystak  which  may  be  parallel,  slightly  divergent,  or  subradiate  in 
arrangement,  and  these  project  out  into  the  feldspar  or  quartz  most 
irregularly  and  are  often  accompanied  by  numerous  semi-  or  wholly 
detached  particles.  It  is  also  not  at  all  uncommon  to  find  inclusions 
of  aegirite  lying  unorientated  in  the  hornblende.  While  these  latter 
favor  the  margins  they  often  lie  well  within  the  hornblende  substance. 
Many  of  the  original  hornblende  grains  have  evidently  been  broken 
apart  before  crystalUzation  had  ceased  in  the  magma,  for  the  separated 
parts  of  what  was  once  obviously  a  continuous  crystal  may  be  seen 
with  its  broken  ends  margined  with  aegirite  exactly  in  the  same  man- 
ner as  the  natural  ends.  It  is  not  unusual  to  find  a  hornblende  grain 
accompanied  by  a  development  of  hornblende  prisms,  sometimes 
with  a  divergent  arrangement,  which  project  out  unto  the  adjoining 
minerals:  again  the  hornblende  area  may  consist  of  a  mass  of  prismoid 
crystals  more  or  less  grouped  and  of  various  orientations  accompanied 
by  other  materials  —  grains  of  iron  oxide  (chiefly  magnetite)  titanite, 
calcite,  granular  feldspar  and  even  fluorite.  Such  groups  appear  to 
be  in  large  part  at  least  recrystallizations.  In  such  cases  the  aegirite 
originally  present  seems  to  have  suffered  little  or  no  change.  This 
hornblende  is  always  of  the  deep  blue  type  (riebeckitic).  The  min- 
erals mentioned  as  accompanying  the  secondary  hornblende  can  be 
seen  to  follow  in  the  arrangement  of  their  grains,  to  some  extent  at 
least,  the  structure  of  the  original  mineral.  Perhaps  the  titcnite  is 
the  only  one  of  these  calling  for  any  special  notice.  Where  present  its 
amount  may  vary  from  very  little  to  an  amount  that,  in  extreme  cases, 
may  constitute  perhaps  one  fifth  of  the  whole  area.  It  consists  of 
grains  or  aggregates  of  grains  whose  outward  form  seems  determined 
by  the  structure  of  the  original  hornblende,  or  of  those  minerals  which 
developed  simultaneously  with  it.  It  thus  lacks  entirely  the  habit 
usually  associated  with  titanite.  Its  optical  properties  serve,  how- 
ever, to  prove  its  identity.  It  seems  to  be  secondary  and  doubtless 
derived  its  titanium  from  the  titantium  content  of  the  original 
hornblende,  or  in  cases  where  the  amount  of  titanite  appears  to  have 
been  much  too  large  for  the  amount  of  titanium  present  in  the  horn- 
blende (probably  not  in  excess  of  1.5%;  see  anal,  of  hornblende  from 
pegmatite  —  Warren  and  Palache,  loc.  cit.,  p.  124),  from  included 
aenigmatite  or  ilmenite.  The  lime  cannot  have  come  from  the  horn- 
blende and  the  presence  of  calcite  with  the  titanite  is  suggestive  that 
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this  constituent  was  introduced  from  outside.  In  fact  these  areas 
seem  to  represent  a  phase  in  the  alteration  of  the  original  hornblende 
which  gave  rise  to  secondary  riebeckite  accompanied  by  magnetite 
and  other  minerals,  in  part  introduced  from  the  surrounding  rock, 
among  these  titanite,  in  cases  where  the  amount  of  titanium  was 
adequate.  In  this  connection  it  is  interesting  to  note  that  titanite 
having  somewhat  similar  characteristics  and  accompanied  by  chlorite 
and  calcite,  has  been  observed  by  Pirsson  and  Washington  as  a  second- 
ary mineral  replacing  hornblende  (basaltic)  in  the  fine  grained  camp- 
tonites  from  the  Belknap  Mountains  of  New  Hampshire.^* 

These  altered  hornblendes  have  doubtless  given  rise  to  the  small 
pits  and  yellowish  decayed  spots  seen  megascopically  in  the  finished 
surfaces  of  the  quarry  granites. 

The  inclusions  in  the  hornblende  in  addition  to  the  aegirite  are: 
fluorite,  in  minute,  usually  anhedral  grains;  black  oxide  specks  and 
grains,  probably  magnetite,  scattered  for  the  most  part,  but  also  ar- 
ranged in  curiously  curved  strings  or  bands,  usually  traversing  only 
parts  of  the  crystal  and  then  commonly  on  one  side  or  about  a  portion 
of  the  margin;  larger,  black  grains  of  iron  oxide;  and  a  dark  red 
mineral,  probably  aenigmatite  (see  beyond). 

It  is  probably  safe  to  say  that  the  predominating  hornblende  is  a 
riebeckite.  This  is  certainly  true  of  the  granite  in  the  eastern  part 
of  the  quarry  district  (North  Common  Hill  and  eastward  in  Quincy). 
In  many  slides  from  the  granite  of  this  district  it  is  the  only  variety 
of  hornblende  present.  In  the  West  Quincy  district  and  westward  in 
Milton  the  riebeckite  is  in  considerable  part  replaced  by  a  hornblende 
which  is  apparently  a  cataphorite  or  a  closely  related  variety.  In 
many  sections  this  variety  is  seemingly  the  only  original  hornblende 
present,  although  it  is  difficult  or  impossible  in  random  sections  to 
distinguish  always  surely  between  the  t\^'o.  What  is  here  called 
riebeckite  has  substantially  the  same  optical  properties  as  those 
given  for  the  hornblende  of  the  pegmatites  previously  described  by 
the  WTiter  and  C.  Palache.^'  These  are:  —  a  A  c'4°  to  5°;  Axial  plane 
perpendicular  to  b,  (010);  Opt. — ,  Bisectrix  acute  =  a;  Axial  angle 
medium  to  large.  Dispersion  strong,  gixing  rise  to  colored  axial  bars 
(red  and  blue).  Double  refraction  very  low:  pleochrism  with  low 
or  medium  magnifying  powers:  a,  deep-blue  to  smoky-blue  or  green; 
7,  very  dark,  smoky-green  to  almost  black;  j8,  pale  yellow  or  slightly 


14  American  Journal  of  Science,  22,  p.  503  (Nov .-Dec,  1906). 

15  loc.  cit.,  pp.  152-3. 
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brownish  often  with  a  greenish  shade.  Absorption;  7<a>i8.  Sec- 
tions over  0.03  mm.  in  thickness  are  practically  opaque  for  the  deeper 
rays.  Sections  intermediate  in  position  between  the  pinacoids  often 
show  peculiar  dull,  bluish-gray  or  drab  tones  difficult  to  describe. 
To  the  writer  the  most  characteristic  thing  about  the  appearance  of 
this  hornblende  is  the  color  for  the  ray  very  near  the  vertical  axis 
and  the  ray  vibrating  across  the  cleavage  direction  in  (010)  sections. 
With  high  powers  it  can  generally  be  seen  that  the  distribution  of 
color  for  the  a  ray  is  not  uniform.  The  strongest  and  purest  blue 
appears  in  the  outer  parts  of  the  crystal,  along  cleavage  or  other  cracks, 
or  in  thin  lamellae  lying  parallel  to  the  c'  axis.  The  remainder  of  the 
crystal  is  green  but  assumes  a  bluish  shade  as  the  purer  blue  parts  are 
approached.  But  very  slight,  if  any,  non-homogeneity  can  be  detected 
for  the  other  two  rays. 

The  other  variety  of  hornblende  present,  particularly  in  the  granite 
from  the  western  part  of  the  granite  area,  where  it  appears  to  be  nearly 
always  relatively  abundant  sometimes  almost  to  the  exclusion  of  the 
blue  type,  seems  to  be  closely  related  to  the  cataphorites  of  Brogger 
and  particularly  to  the  sodic  hornblende  described  by  Pirsson  ^®  as 
occurring  in  the  nephelite  syenite  of  Red  Hill,  New  Hampshire. 
The  pleochrism  is  strong  and  somewhat  variable:  a,  light  yellow-brown 
often  with  a  greenish  tint;  fi,  dull  green  to  almost  black;  7,  deep 
olive-green  or  less  commonly  olive-brown.  The  absorption  is  very 
strong,  /3>y>a.  The  angle,  7  A  c'  is  large  and  is  variable  even  in 
crystallographically  continuous  crystals.  This  angle  has  been  ob- 
served to  vary  in  a  single  grain  from  20°  to  32°,  and  these  figures 
represent  variations  commonly  observed  in  the  run  of  sections,  al- 
though extinctions  as  high  as  37°  have  been  noted.  The  variation 
in  the  extinction  angle  is  accompanied  by  a  more  or  less  marked 
variation  in  the  color  of  the  ray.  While  in  some  sections  the  change 
is  marked  by  a  fairly  well  defined  zonal  structure,  the  variations  are 
often  distributed  over  ill  defined  areas  and  are  often  distinctly  grada- 
tional.  Distinct  crystals  of  the  blue  and  green  hornblendes  seem  to 
occur  in  the  same  rock,  but  the  two  are  commonly  grown  together  in 
parallel  position  (except  in  cases  where  the  riebeckite  is  clearly 
secondary)  the  riebeckitic  or  blue  type  being  developed  marginally. 
The  general  mode  of  occurrence  of  the  riebeckitic  type  in  the  granite 
and  its  presence  alone  in  the  pegmatitic  facies  of  the  granite,  seem  to 
point  to  the  conclusion  that  it  is  the  variety  which  develops  when  pneu- 

16  American  Journal  of  Science,  28,  p.  268  (1907). 
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matolytic  agents  are  active.  That  such  agents,  particularly  water 
or  water  vapor,  are  of  prime  importance  in  its  formation  is  also  borne 
out  by  its  occurrence  as  a  secondary  product  from  the  alteration  of 
the  original  hornblende  as  noted  above.  Indeed,  the  development 
of  the  very  closely  related,  or  perhaps  almost  identical,  crocidolitic 
amphibole  found  in  the  cavities  in  the  pegmatite  pipes  and  along 
joint  surfaces  in  the  granite,  indicate  that  its  solution  and  recrystalli- 
zation  may  be  carried  out  under  conditions  considerably  removed 
from  those  prevailing  during  magmatic  period.  In  this  connection 
it  is  perhaps  worth  suggesting  that  relatively  small  changes  in  the 
hydration  of  the  molecules  making  up  the  hornblendes,  and  particu- 
larly in  the  amounts  of  ferro-ferri-silicate  molecules  brought  about 
by  the  oxidizing  or  reducing  effects  of  the  pneumatolitic  agents  may 
<?ause  disproportionally  large  changes  in  the  colors  of  the  various 
rays.  The  chemical  composition  of  the  hornblendes  will  be  taken  up 
when  the  chemical  analyses  of  the  rocks  are  considered. 

The  mode  of  occurrence  of  the  aegirite  has  been  in  part  described 
when  speaking  of  its  intergrowth  with  the  hornblende.  Its  occur- 
rence in  the  form  of  microliths  in  the  feldspar  has  also  been  noted. 

The  growths  of  aegirite  are  often  so  considerable  that  it  predomi- 
nates in  amount  over  the  hornblende.  It  is  also  found  in  the  form  of 
distinct  grains  which  are  most  closely  associated  with  the  quartz  with 
which  there  are  occasional  intergrowths.  There  was  perhaps  some 
tendency  on  the  part  of  a  portion  of  the  aegirite  to  develop  its 
prismatic  zone  toward  quartz.  Aegirite  is,  however,  almost  w^hoUy 
anhedral  and  the  contacts  with  other  minerals  are  in  general  char- 
acterized by  very  irregular  surfaces,  projecting  points,  nubs,  hooks, 
and  by  the  presence  of  isolated  or  but  slightly  attached  small  particles, 
sometimes  in  considerable  abundance.  There  is  usually  an  elongation 
in  the  direction  of  the  vertical  axis.  In  many  instances  larger  grains 
seem  to  have  been  broken  apart  and  separated;  again,  a  greatly 
elongated  crystal  or  series  of  crystals  end  to  end,  may  be  seen  extend- 
ing along  between  the  feldspar  and  quartz,  or  between  two  feldspars, 
or  along  fracture  lines.  Many  aegirite  patches,  consist  either  of  a 
relatively  large  crystal  which  contains  elongated,  prismatic  crystals 
irregularly  orientated  and  often  with  a  subradial  arrangement,  or  they 
consist  wholly  of  an  aggregate  of  variously  placed  prismatic  crystals. 
It  is  also  frequently  noted  that  a  number  of  small  aegirites  though  not 
attached,  form  nevertheless  what  might  be  termed  a  community  of 
grains.  Zonal  growths  are  not  uncommon  and  indicate  an  earlier 
stage  of  development  which  is  evidently  connected  in  many  cases,  and 
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perhaps  always,  with  an  earlier  formed  p>Toxene,  remnants  of  which 
are  occasionally  to  be  seen  within  the  aegirite.  As  a  rule  this  earlier 
pyroxene  is  almost  entirely  altered  or  replaced  and  what  remains  is 
filled  with  inclusions  of  fluorite  and  ferruginous  matter.  It  is  almost 
invariably  true  that  in  grains  which  show  this  pyroxene,  the  remnants 
indicate  that  it  was  rounded  in  form,  small  in  size,  and  that  they  are 
enclosed  in  or  indent  the  feldspar.  In  sections  of  the  somewhat  less 
acid  phase  of  the  granite  from  near  the  porphyry  contact  on  Rattle- 
snake Hill,  grains  of  a  nearly  colorless  to  pale  brown  pyroxene  having 
the  general  appearance  of  augite  have  been  noted,  surrounded  by  a 
well  defined  rim  of  aegirite  with  a  very  rapid  transition  between  them. 
The  exact  nature  of  this  pyroxene  has  not  been  made  out.  Its  ex- 
tinction 7  on  c'  is  35°  at  least;  its  double-refraction  seems  to  be  lower 
than  conmion  augite.  It  is  probably  a  calcium-iron-rich  pyroxene 
similar  to  the  pyroxene  in  the  rhombenporphyry.  Whatever  its 
original  character,  it  has  in  general  suffered  almost  complete  replace- 
ment by  aegirite,  probably  during  the  later  stages  of  the  consolidation. 

Occasionally  a  pyroxene  of  a  deep-green  color  and  otherwise  show- 
ing substantially  the  properties  ascribed  to  aegirite-augite  occur. 
These  appear  to  have  preceded  the  purer  aegirite  but  to  have  followed 
the  other  variety  just  referred  to.  They  are  thought  from  chemical 
considerations  to  belong  to  the  aegirite-hedenbergite  line  of  mixtures, 
probably  near  the  aegirite  end,  although  they  may  be  aegirine-augite. 

The  aegirite  or  aegirine-hedenbergite  of  earlier  formation,  that  is  to 
say  the  better  formed  grains,  which  bear  about  their  margins  evi- 
dences of  later  growths  of  the  aegirite  (analogous  to  the  growths  on 
the  hornblende)  commonly  contain  quite  abundant,  often  very  abun- 
dant, inclusions.  The  later  formed  aegirite  rarely  contains  them. 
These  are,  fluorite,  in  sharply  bounded  octahedra  and  rounded  grains, 
sometimes  of  good  size  but  usually  minute,  grading  down  to  mere 
specks:  opaque,  black  grains  probably  ilmenite;  and  rarely  roundish 
minute  grains  of  a  deep  red  color,  undoubtedly  the  same  as  the  red 
mineral  forming  larger  intergrowths  with  the  aegirite  and  hornblende, 
and  thought  to  be  aenigmatite.     (See  later.) 

The  color  of  the  aegirite  in  thin-section  varies  considerably  and  this 
variation  is  often  seen  in  grains  that  are  otherwise  optically  homo- 
geneous crystals.  The  colors  commonly  observed  are  as  follows :  — 
a,  pale  to  deep  green,  sometimes  with  a  slight  bluish  tone:  less  com- 
monly almost  colorless  (usually  confined  to  one  part  of  a  grain).  jS, 
pale  yellowish-green  to  almost  colorless.  7,  pale  yellow  to  pale 
yellowish-green  or  almost  colorless.     In  many  crystals  the  whole  or 


Digitized  by 


GooglQ 


Fluorite,  as  has  been  noted,  occurs  as  included  grains  in  the  earlier 
aegirite  and  is  often  quite  abundant  there;  it  is  also  found,  though  less 
commonly,  in  the  hornblende.  Single  grains  or  more  often  clusters 
or  compact  granular  aggregates  are  sometimes  seen  associated  with 
the  quarta,  and  in  such  cases  zircon  and  hematite  are  often  present 
also.  It  has  been  noted  that  fluorite  is.  apt  to  be  more  abundant  in 
the  granite  where  it  is  cut  by  small  quartz  veins.  Zircon  almost 
alwa^-s  is  found  in  close  association  with  quartz  and  rarely  forms  well 


17  Private  correspondence. 

18  MikroskopiHcho  Physiographie,  Roseabusch,  p.  384. 
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shaped  crystals.  The  grains  are  rounded  and  are  to  a  greater  or  less 
extent  filled  with  a  dusty,  brownish  material.  It  is  sometimes  inter- 
grown  with  the  quartz  much  after  the  manner  described  for  the  zircon 
of  the  pegmatites.^®  This  occurrence  of  zircon  as  described  appears 
to  be  a  characteristic  of  riebeckite  rocks  (see  Murgoci,  op.  cit.). 
Titanite  has  been  already  described  occurring  as  a  probable  replace- 
ment of  the  hornblende.  It  also  occurs  to  a  small  extent  in  the  form 
of  isolated  grains  scattered  through  the  rock  and  commonly  associated 
with  ilmenite  or  magnetite.  Ilmenite  or  magnetite,  occur  as  included 
grains  and  more  or  less  fine  dust  in  all  the  minerals  of  the  rock.  While 
a  little  of  it  may  be  primary,  the  greater  part  of  it  is  thought  to  be 
secondary  even  in  the  relatively  fresh  granite.  Magnetite  is  more 
abundant  as  the  alteration  of  the  hornblende  has  preceded  further, 
and  is  then  noted  in  the  form  of  well  defined  octahedra  lying  in  or 
about  the  position  of  the  original  iron-bearing  silicate.  Hematite 
appears  to  a  limited  extent  in  the  fresh  granite  as  minute  flakes  or 
grains  in  the  feldspar  and  with  the  aegirite.  In  some  cases  its  presence 
is  apparently  connected  with  pneumatolytic  processes,  but  in  general 
it  appears  only  in  connection  with  more  superficial  alteration.  It 
is  abundant  in  red  surface  granites. 

An  interesting  and  more  unusual  accessory  is  the  mineral  astro- 
phyllite.  Attention  has  been  directed  to  the  occurrence  of  this  rare 
mineral  in  the  Quincy  granite  by  Pirsson.^^  It  is  only  very  sparingly 
present  and  appears  to  be  of  irregular  occurrence.  It  has  ateady 
been  described  as  occurring  about  and  replacing  the  aenigmatite  and 
the  aegirite  in  which  the  latter  was  intergrown.  It  generally  appears 
in,  or  attached  to,  aegirite  or  the  hornblende,  particularly  when  this  is 
intergrown  with  aegirite.  Pirsson  also  noted  it  intergrown  with  its 
cleavage  direction  parallel  to  the  vertical  axis  of  the  riebeckite.  The 
writer  has  also  seen  it  attached  to  zircon  arid  to  grains  of  a  not  fully 
identified  mineral,  but  one  which  suggested  parasite  in  appearance. 
Its  habit  and  properties  according  to  Pirsson  are:  minute  elongated 
laths  grouped  in  bunches;  cleavage,  micaceous  excellent;  elongation 
parallel  toc;A  =  b;  B  =  c;  C  =  a;  strongly  pleochroic;  A,  red 
orange,  C,  lemon-yellow;  absorption,  A>C;  mean  refractive  index 
about,  1.7;  extinction  parallel  to  the  cleavage  cracks;   birefringence 


19  Op.  cit.,  p.  131. 

20  Americam  Journal  of  Science,  29,  p.  215  (March,  1910). 

The  writer  is  indebted  to  Professor  Pirsson  for  an  opportunity  to  examine  the 
thin-section  on  which  his  observations  were  made.  The  mineral  was  more  fav- 
orably developed  for  study  in  this  than  in  any  other  which  the  writer  has  seen. 
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high  0.04.  In  convergent  Hght  a  single  biaxial  optic  axis  was  obtained 
on  the  edge  of  the  field.  According  to  the  writer*s  observations  the 
elongation  is  more  likely  parallel  to  a  than  c'.  It  appears  from  its 
mode  of  occurrence  to  be  a  mineral  formed  by  pneumatolytic 
processes. 

Calcite  is  occasionally  observed,  sometimes  filling  small  interspaces 
between  the  other  mineral  grains,  again  as  small  patches  within  the 
feldspar,  and  associated  with  titanite  etc.  in  the  altered  hornblende 
groups.  Associated  with  the  calcite  and  titanite,  also  alone,  grains 
of  a  mineral  which  seems  to  be  siderite  has  been  observed.  This  has 
been  identified  in  some  of  the  porphyries.  Its  presence  is  not  sur- 
prising in  a  rock  where  iron  is  so  abundant  and  lime  almost  lacking. 

Special  Variations  of  the  Granite, —  Four  variations  from  the  normal, 
gray  granite  may  be  specially  noted.  The  first  is  that  found  at  the 
Gold  Leaf  quarry  already  alluded  to  in  the  description  of  the  recry- 
stallization  of  the  feldspar,  p.  (214),  and  the  granulation  of  the  quartz. 
Macroscopically  the  striking  feature  of  this  variation  is  the  finely 
granular  character  of  the  quartz  which  is  often  stained  reddish  or 
yellowbh  with  iron  oxides.  Besides  these  stains  there  are  numerous 
red  spots  that  appear  in  part  to  be  due  to  an  impregnation  of  small 
feldspar  grains  with  iron  oxide,  and  in  part  to  the  occurrence  of  dis- 
tinct grains  of  some  red  mineral.  Although  very  difficult  to  obtain 
satisfactory  data  regarding  it,  it  seems  to  correspond  closely  to  the 
aenigmatite  and  is  so  regarded. 

The  second  variation  is  that  found  occurring  as  a  rather  sharply 
defined  streak  crossing  the  Ballou  Quarry  on  North  Common  Hill. 
Its  chief  characteristic  is  its  delicate  purple  shade  of  color.  This  is 
due  to  the  very  general  distribution  of  minute  scales  and  specks  of 
hematite  through  the  feldspar.  The  hornblende  groups  are  nearly  all 
hea\ily  altered,  being  changed  to  a  mass  of  riebeckite  shreds,  magne- 
tite and  hematite  accompanied  by  a  considerable  amount  of  fluorite 
and  calcite.  The  aegirite  originally  with  the  hornblende  has  been 
much  less  eflFected  by  the  alteration.  This  streak  appears  to  have 
been  one  in  which  pneumatolitic  action  was  especially  active.  More 
or  less  of  the  same  changes  may  be  noted  in  the  regular  granite  of  the 
Ballou  Quarry  which  on  this  account  has  been  described  by  Dale^^ 
as  a  dark,  slightly  purplish  granite. 

The  third  variation  is  that  known  as  the  pink  or  red  type.  Its 
distribution  is  quite  general.     As  clearly  pointed  out  by  Crosby^^ 


2iloc.cit.,p.l00. 
22  loc.  cit.,  pp.  334-8. 
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it  is  a  superficially  altered  and  oxidized  portion  of  the  gray  granite, 
and  always  passes  gradually  downward  at  no  very  great  depths 
(estimated  at  20  ft.  in  some  places  where  particularly  well  exposed) 
into  the  normal  gray  type.  The  original  dark  silicates  have  been 
entirely  destroyed,  their  places  being  occupied  by  abimdant  magnetite 
crystals,  quartz  and  feldspar  and  calcite.  The  pink  or  red  color  is 
due  to  the  presence  of  exceedingly  minute  hematite  specks  or  scales 
resulting  from  the  oxidation  of  the  hornblende  microliths  originally 
contained  in  the  feldspars,  and  in  part  also  to  a  general  distribution 
of  ferruginous  products  through  the  rock. 

The  fourth,  and  perhaps  the  most  interesting  and  important  one,  is 
that  in  which  a  rather  indistinctly  marked  porphyritic  texture  is 
developed.  This  variation  is  foimd  wherever  the  granite  approaches 
the  granite-porphyry  of  the  contact  zone.  Its  texture,  although  not 
strongly  developed,  is  characteristic,  and  is  due  largely  to  the  fact 
that  a  part  of  the  feldspars  are  grown  somewhat  larger  than  the  rest. 
This  feature  is  well  seen  in  the  granite  from  the  northern  slopes  of 
Rattlesnake  Hill,  on  the  Great  Dome,  and  particularly  over  a  large 
part  of  the  Pine  Hill  area.  In  the  latter  location  the  passage  of  this 
phase  of  the  granite  into  the  granite-porphyry  of  the  contact  zone  is 
perfect  and  gradual  though  always  comparatively  rapid.  On  the  top 
of  Rattlesnake  Hill  near  the  southern  edge  of  the  hill,  this  granite  is 
found  in  a  sharp  but  perfectly  sealed  contact  with  the  porphyry.  The 
same  phenomena  may  also  be  observed  elsewhere,  and  while  we  cannot 
doubt  that  the  porphyry  is  in  all  cases  but  a  more  rapidly  cooled  phase 
of  the  magma,  we  are  forced  to  conclude  that  the  magma  moved  to 
some  extent  underneath  its  own  cover  forming  sharp  contacts  with 
it.^^  It  is  to  be  noted  that  at  such  contacts,  so  far  as  observed  by 
the  writer,  there  is  a  more  or  less  marked  development,  along  the 
immediate  contact  line,  of  long,  slender  riebeckite  prisms. 

Under  the  microscope  the  minerals  are  seen  to  be  essentially  the 
same  as  in  the  normal  granite.  The  texture  is  also  much  the  same 
except  that  a  part  of  the  feldspar  has  attained  a  larger  size  and,  that 
in  portions  of  almost  every  section  examined,  areas  will  be  found  that 


23  It  is  not  unlikely  that  this  particular  contact,  which  is  steeply  inclined, 
marks  a  lateral  contact  of  a  ^reat  dike  which  broke  through  or  at  least  pushed 
up  the  porph)rry  cover  at  this  point.  "A  few  hundred  feet  to  the  west  and 
a  little  to  the  north  of  the  line  of  contact,  rises  a  prominent  knob  of  granite 
known  as  the  "Rattle  Rock."  This  rises  to  about  the  same  elevation  as  the 
porphyry  on  Rattlesnake  Hill  and  probably  represents  the  exposed  stump  of  a 
great  dike  or  a  cupola  of  granite  which  domed  up  or  cut  through  the  porphyry. 
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show  the  hornblende  enclosing  small  feldspars  and  suggesting  at  once 
a  close  relation  to  the  groundmass  structures  of  the  porphvTv  above. 
In  the  feldspar  crystals,  particularly  the  larger  ones,  distinct  outlines, 
sometimes  marked  by  the  inclusion  of  small  crystals  of  aegirite,  of 
an  inner  zone  of  growth  may  be  seen.  This  boundary  marks  the 
slight  halt  in  the  growth  of  the  earlier  formed  crystals  which  is  so 
clearly  shown  in  the  granite-porphyry  as  will  be  noted  later. 

Chemical  Characters. —  For  chemical  analysis  a  number  of  good 
siized  fragments  were  broken  from  carefully  selected  samples  of  freshly 
quarried  rock  from  the  three  localities  listed  below,  one  from  well 
toward  the  eastern  end  of  the  Quarry  section,  one  from  i  of  a  mile 
west  of  the  first  and  the  third  J  of  a  mile  still  further  west,  in  the  west 
Quincy  district.  A  sample  of  the  porphjTitic  phase  of  the  granite 
from  Rattlesnake  Hill  very  near  the  granite-porph>Ty  cover  was  also 
analyzed.  Great  care  was  exercised  in  avoiding  xenoliths  or  parts 
that  showed  any  discernible  variation  in  grain.  The  percentages 
given  are  the  average  of  closely  agreeing  duplicates,  except  that  the 
values  for  ferrous-iron  and  alkalies  are  the  average  of  three  determi- 
jiations  each.  The  methods  of  analysis  advocated  by  Hillebrand 
were  strictly  adhered  to.     The  results  are  given  on  page  227. 

For  the  convenience  of  those  who  have  adopted  the  so-called  "  Quan- 
titative Classification  of  Igneous  rocks  "^*  the  "  norm  "  has  been  calcu- 
lated from  the  average  of  1-2-3  given  under  4. 


Quartz 

Zircon 

Orthoclase 

Albite 

Acmite    ' 

Diopside 

Magnetite 

Ilmenite 


Norm. 

32.10 

.30 

27.24 

34.06 

1.85 

1.21 

2.32 

.46 

99.54 


Fem  =   16  >  f.      Class  I 

93.70  Salic  Minerals, 

p  =  .  52  <  I  >  7  order  4 ;  quardof elic 

-^^S6^^    >  {  ==  Rang  1 ;  Petalkalic. 
5.84  Femic  Minerals 

Na,o  =  .75  <  I  >  i  =  Subrang3;  Sodipotas- 

sic;  Liparose. 


The  rock  may,  therefore,  be  termed  a  gruno-liparose  or  more  exactly 
an  alkali-hornblende-aegirite  grano-liparose.  The  calculation  of  the 
mineral  composition  of  the  granite  can  only  be  made  approximately, 
since  an  accurate  estimate  of  the  amount  of  each  mineral  present 

24  Quantitative  Classification  of  Igneous  Rocks,  by  Cross,  Iddings,  Pirsson, 
Washington,  Univ.  of  Chicago  Press,  Chicago,  111.,  1903. 
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1 

1 

r 

3. 

73.93 

4 

6. 
72.97 

6. 

7. 

8. 

9. 

1.       1       2. 

75.08 '75.68 

1 

% 

Molec. 
Ratb. 

SiO,    ' 

74.86 

1.247 

71.65 

68.54 

78.49 

71.34 

1 

.20        .20 

(.20)25 

.20 

.20 

AWz 

11.57'll.l7 

12.09 

11.61 

.114 

12.13 

13.04 

15.47 

9.99 

13.97 

FcO, 

2.25     1.71 

2.91 

2.29 

.014 

2.77 

2.79 

2.03 

1.94 

1.95 

FeO 

.93      1.26 

1.55 

1.25 

.017 

1.09 

1.80     2.09 

1.18 

1.00 

MgO 

.03  1      .04 

.08 

.05 

.001 

.20 

tr 

.21 

.09 

.62 

MnO 

tr,      .05 

tr 

.02 

tr 

_    1      __ 

tr 

tr 

Ca026 

.44        .49 

.31 

.41 

.007 

1      -74 

tr 

.30 

.30 

1.63 

NatO 

4.21  1    4.03 

4.66 

4.30 

.069 

4.61 

6.30 

5.68 

3.74 

4.84 

K2O 

4.62!    4.68 

4.63 

4.64 

.049 

'    4.79 

3.98 

5.75 

3.84 

3.89 

H,0— 

.04 
.19 

.10 
.34 

.41 

.04 
.31 

.10 

! 

.35 

(■•" 

.59 

.72 

.89 

Ti02 

.20        .22 

.18 

.20 

.003 

1      .30 

.14 

.43 

P2O6 

tr 
99.76 

tr 

tr 

tr 

.20 
100.25 

— 

.10 

100.56 

Total 

99.87 

100.95 

100.18 

100.67  '  100.90 

1 

100.29 

Avei 

^  Sp.  G 

.  1,2&3  =2.661 

1.  Medium  gray  granite,  Hitchceck  Quarry,  N.  Common  Hill,  Quincy, 
Mass.     Analyst,  C.  H.  Warren. 

2.  Veiy  dark  granite,  Reinhalter  Quarry,  West  Quincy,  from  about  300  ft. 
below  surface.     Analyst,  C.  H.  Warren. 

8.  Medium  dark  granite,  Hard  wick  Quarry,  N.  Common  Hill,  Quincy, 
Mass.     Analyst,  H.  S.  Washington. 

4.  Average  of  1,  2,  and  3. 

5.  Slightly  porphyritic  phase  from  near  contact  with  granite-poqjhyr^. 
Quarry  H.  side  of  Rattlesnake  Hill,  Blue  Hills,  Reservation,  Analyst,  C.  fi. 
Warren. 

6.  7  and  8  are  taken  from  Rosenbusch's  Elemente  d.  Gesteinslehre,  1910 
Ed.,  p.  86,  and  are  as  follows: — 

25  Assumed  to  be  the  same  as  in  1  and  2. 

Fluorine  though  present  in  small  amount  was  not  estimated. 
'    t6  From  0.1  to  0 .  28  or  an  average  of  0 .  19%  of  this  is  present  as  CaCOi,  see 
Dale,  loc.  cit.,  p.  94. 
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6.  Riebeckite  granite.    S.  W.  Houghnatten,  Eftelot,  Sanelsvar,  W. 
from  Lougental,  Southern  Norway. 

7.  Riebeckite  granite,  Ekona  —  Sungale  —  Krater,  Kamerum. 

8.  Riebeckite,  Acmite  Granite,  Dahamis,  Insel,  Sokotra. 
Arfvedsonite-Biotite  granite,27  Stony  Brook  Reservation,  West  Rox- 


bury,  Mass.     Wm.  F.  Hall,  Analyst. 

cannot  be  made,  nor  if  it  could  be  done,  could  we  apportion  the  various 
radicles  of  the  soda-iron  p>Toxene  and  hornblende  accurately  as  we 
do  not  know  their  exact  composition.  We  may,  however,  proceed  as 
follows  and  arrive  at  a  mineral  composition  which  will  give  us  a  close 
approximation  to  the  relative  amounts  of  quartz,  the  feldspars,  the 
sodic-iron  sihcates,  and  the  oxide  minerals.  The  albite  has  been 
determined  at  least  as  sodic  as  Abgs  Ang  and  possibly  more  so.  Using 
this  composition  for  the  albite  and  making  the  assumption  that 
magnetite  is  not  present  in  an  amount  over  one  percent,  which  is 
certainly  not  far  from  the  truth,  further  noting  the  fact  that  at  least 
one  third  of  the  CaO  is  present  as  CaCOj  and  disregarding  the  slight 
excess  of  AI2O1  as  being  present  in  kaolin,  we  arrive  at  the  following 
composition  calculated  to  100  percent.  The  water  and  fluorine  have 
been  also  disregarded  though  they  certainly  enter  into  the  hornblende 
present.  The  omission  has  the  effect  of  making  the  hornblende 
figure  somewhat  low. 


Microperthite 


Quartz 
(  Albite  AbssAns 
( Microcline 


Hornblende 

and 
Pyroxene 
Magnetite  and 
Ilmenite 
Zircon 


33.3 
28.1 
27.5 


9.6 


1.5 


Ratio, 
Ratio, 


Feldspars 
Quartz 
Albite 
Microcline 


Albite 

Microcline 

Microperthite 


=  1.67 
=  1.02 

50.5 

49.5 

100.00 


100.00 


These  percentages  agree  well  with  approximate  measurements  of 
the  relative  amounts  of  the  constituent  minerals  made  on  thin-sections 
and  with  Dale's  Rosival  measurements  ^®  made  on  polished  surfaces. 


27  F.  Bascom,  Journal  Phil.  Acad,  of  Nat.  Sciences,  15,  2d  series,  p.  135. 
(March,  1912). 
28I0C.  cit.,  p. 
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the  average  of  which  are,  quartz  30.6,  feldspar  60.6,  dark  minerab 
9.4. 

The  albite  and  microcline  in  the  microperthite  are  almost  exactly 
equal,  which  is  also  in  agreement  with  crude  microscopic  estimates. 
The  Xa2  Fej  Si40i2  (aegirite  and  corresponding  hornblende)  molecule 
predominates  but  the  ferrous  or  ferro-ferri  compounds  are  prominent, 
a  fact  to  be  expected  from  the  known  composition  of  the  Riebeckite 
in  the  pegmatitic  facies  where  these  molecules  exceed  the  Na2  Fe2  Si40i2. 

Comparing  the  analyses  of  other  Riebeckite  granites  given  in  col- 
umns 6,  7,  and  8  with  each  other  and  with  that  of  the  Quincy  granite, 
we  note  that  all  are  characterized  by  exceedingly  low  MgO  and  CaO, 
by  high  iron  content  in  both  ferrous  and  ferric  iron,  and  by  high 
alkalies.  The  soda  predominates,  molecularly.  With  the  exception 
of  No.  6,  in  which  the  soda  is  greatly  in  excess,  they  show  very  nearly 
equal  percentages  of  the  two  alkalies,  though  in  view  of  the  considera- 
ble variation  in  alumina  this  perhaps  has  little  significance.  An 
approximate  calculation  of  the  mineral  composition  of  each  is  given 
below  and  shows  a  great  variation  in  the  relative  percentages  of  the 
minerab  which  are  in  each  case  of  essentially  the  same  tj'pe. 

4a  6a  7a  8a 

Quartz  33.3  20.6  12.0  41.4 

Albite  28.1  47.2  47.1  30.4 

Orthoclase  27.5  22.8  33.8  22.2 
PjToxene 


Hornblende 
Magnetite 
Ilmenite,  etc. 


11.1  9.4  7.1  6.0 


100.0  100.0  100.0  100.0 


Comparison  of  the  three  analyses  of  the  Quincy  granite  with  each 
other  shows  that  there  is  some  variation  in  the  amounts  of  different 
oxides,  and  therefore,  in  the  minerab.  These  variations  were  ex- 
pected from  facts  revealed  by  the  study  of  the  thin-sections.  Thus 
the  granite  of  the  Hitchcock  quarry  (1)  was  richer  in  aegirite  and 
showed  less  of  the  riebeckite  in  the  form  of  microclites  scattered 
through  the  feldspar.  The  ferric-iron  should  therefore  be  relatively 
higher  than  in  the  dark  granite  from  the  Reinhalter  quarry,  in  which  b 
very  abimdant  riebeckite  (a  hornblende  rich  in  ferrous  iron)  both  in 
large  crystals  and  distributed  through  the  feldspars.  The  samples 
came  from  localities  separated  by  some  distances  and  different  eleva- 
tions and  are  representative  of  the  granite  as  a  whole.     Taken  jointly 
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with  the  microscopic  evidence  the  chemical  analyses  show  conclu- 
sively that  there  is  a  small,  but  noteworthy  variation  m  composition 
in  the  rock  from  different  points,  though  such  variations  seem  to  be 
vicarious  in  character. 

The  granite  from  Rattlesnake  Hill  is  a  little  lower  in  silica  and  higher 
in  alkalies,  thus  leaning  toward  the  granite-porph\Ty  and  fine-granite, 
(siH»  lH\vond  Nos.  10  and  13)  hut  in  the  ferrous  and  ferric  iron  it  is  like 
the  normal  granite.  It  thus  stands  in  an  intermediate  position 
chemically  between  the  normal  granite  and  its  peripheral  phases  as  it 
does  texturally  and  in  structural  position. 

The  granite,  No.  9,  from  the  Stony  Brook  Resenation,  West  Rox- 
bury,  Mass.,  only  a  few  miles  distant  (X.  W.)  from  the  area  under 
discussion  and  <lescribe<l  by  Professor  Bascom,  differs  from  the 
(^incy  granite  chemically  in  higher  lime,  also  in  ha\^g  lower  silica ; 
sotla  prtnlominates  over  potash  and  there  is  much  less  total  iron. 
Mineralogically  the  two  are  strongly  contrasted,  the  Quincy  is  a  mi- 
cn>perthite  granite,  the  Stony  Brook  granite,  like  an  enormous  pre- 
ponderance of  the  granite  of  Eastern  New  England,  is  a  two  feldspar 
granite  with  a  strong  leaning  toward  monionitic  t>-pes.  The  former 
is  character iRtnl  by  sotla-iron  hornblendes  and  p\Toxenes  and  never 
shows  epidotic  alteration;  the  latter  b  characteristicaUy  biotitic, 
perhaps  carries  an  arfveilsonitic  amphil>oIe,  and  is  epidotic.  Though 
the  Stony  Bnx>k  granite  is  perhaps  a  nearer  relative  to  the  Quincy 
than  st>me  of  tlie  biotite  granite  of  the  Atlantic  seaboard,  they  are  still, 
mineralogically  and  chemically,  sharply  contrasted  t\'pes. 


Fine  (»r.v\ite. 

It  should  Ik*  nottxl  at  the  out.^H^t  in  dt^scribing  this  rock  that  the 
tenn  •'tint^cranite'*  is  hort*  ustxl  in  a  nu>re  iv^tricttxl  sense  than  that 
in  which  it  has  Ihxmi  ustxi  by  l*n>fosj;or  rn>>by.  He  umhI  it  to  inchide 
a  ixart  of  \\bat  is  heri^  tornuHl  "gmnitt^iH^rphyry  "  and  he  has  also  not 
disTinciiishtxl  lvt>\^vn  the  tint^>:ranite  of  tlie  alkaline  type  and  that 
as><H^iat«xl  in  \Vo\inouth  \^ith  the  biotiio.  sul^ilkaline  granite.  Pro- 
ft^-^^^r  Cnx^by  hold  tluu  the  tnu^grHuiio  of  the  Hhie  Hills  was  an  inter- 
nuvliaTc  te\t\iral  phase  Ivtwtvn  the  quani  or  cranite~p*^rph>T>'  and 
the  Ci^arst^r  granite.  With  the  |x^s>lKlo  ewptions  of  one  or  two 
points,  there  L^  no  nx^k  th.it  can  l>e  pn>ivri.v  teniuxl  t^.ne-irrar.ite,  havin|^ 
such  ri^laih>ns.  The  phase  of  the  graniii^jx^rpl\\ry  as  the  granite  is 
appix^ohixl  is  not  nar.ily  rtxx\cni7«>il  as  a  |x^ri^l\\ry  n.eca>oopically. 
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relatively  deep  projections  into  the  invading  magma,  the  width  of  the 
fine-granite  zone  is  measured  by  a  few  feet.  Where  it  marks  the 
more  elevated  main  contacts,  its  thickness  is  considerable.  While 
it  is  not  possible  to  estimate  accurately  what  this  thickness  was  in  any 
case  it  was  doubtless  measured  by  tens  of  feet.  Its  contacts  with  the 
coarse-granite  are  exposed  at  several  points  and  are  usually,  if  not 
always,  perfectly  sealed  but  sharp  in  character.  Professor  Crosby 
believed  ^*  that  these  sharp  contacts  were  due  to  differential  movement 
of  the  still  unconsoUdated  magma  against  its  solidified  margin,  which 
was  generally  fractured  and  invaded  by  the  granite  magma  as  an 
incident  to  the  process  of  intrusion.  The  facts  in  the  field  appear  to 
support  this  reasonable  hypothesb  for  there  are  numerous  dikes  of  the 
coarse  in  the  fine-granite  and  also  inclusions  of  the  fine  in  the  coarse 
(see  Crosby,  op.  cit.,  p.  352  et  seq.).  Professor  Crosby  has  noted  the 
occurrence  of  at  least  one  contact  where  there  appeared  to  be  some 
gradation  in  texture,  but  in  the  writer's  experience  it  can  be  said  that 
the  gradation  is  at  most  confined  to  a  few  inches  (compare  statements 
regarding  the  porphyry-granite  contacts  beyond). 

It  is  to  be  noted  especially  that  there  are  no  segregatiam  in  the 
normal  fine-granite,  a  point  that  will  be  taken  up  later  in  discussing 
the  relations  of  the  various  phases. 

The  general  dbtribution  of  the  fine-granite  is  shown  on  the  map. 
For  a  more  detailed  mapping  of  this  rock  and  its  relations  to  the  slate 
and  coarse-granite  the  special  maps  of  Professor  Crosby  should  be 
consul  ted.*° 

Megascopic, —  This  rock  is  a  fine  grained  (one  to  two  millimeters) 
slightly  porphyritic  one,  of  a  prevailing  light  gray  color  though  often 
light  brown  or  pinkish  from  alteration.  The  phenocrysts  are  alkali- 
feldspar,  are  rather  sparsely  distributed  and  of  characteristically 
elongated,  rectangular  outlines  (1  by  3  mm.  to  2  by  7  mm.).  They 
are  more  abundant  and  conspicuous  in  some  localities  and  become 
somewhat  larger  and  more  prominent  in  varieties  that  mark  a  proba- 
ble gradation  toward  the  granite-porphyry  and  probably  also  toward 
the  slate  contacts.  Rarely  rounded  quartz  phenocrysts  occur,  but 
these  are  wanting  in  the  normal  rock.     Scattered  quite  plentifully 


29  op.  cit.,  p.  355. 

30  It  should  be  noted  in  this  connection  that  a  part  of  Crosby's  fine-granite 
in  northern  Weymouth  and  Hingham  is  an  entirely  distinct  rock  from  the  fine- 
granite  here  considered.  It  belongs  to  the  biotite,  microcline-plagioclase 
granite  which  occupies  extensive  areas  to  the  south  and  southeast  of  the 
alkaline  rocks. 
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through  the  rock  are  minute  black  hornblendes  averaging  not  far 
from  a  millimeter  in  cross  section. 

Microscopic. —  The  microscope  shows  that  in  the  fine-granite  of 
the  Ruggles  Creek  type  the  minerals  present  are:  —  albite-microcline 
microperthite,  quartz  and  riebeckite  with  accessory  zircon,  magnetite 
and  ilmenite,  fluorite,  a  little  titanite,  calcite,  biotite,  chlorite  and 
limonite.  The  last  three  and  a  part  anyway  of  the  magnetite  are 
secondary,  and  are  present  to  only  a  small  extent  except  in  the  heavily 
altered  surface  layer.  In  the  fine-granite  of  the  Pine  Tree  Brook 
reservation,  we  find  in  addition  to  the  minerals  above  mentioned, 
aegirite,  a  green  alkali  pyroxene,  occasionally  small  amounts  of  aenig- 
matite  and  rather  more  abundant  fluorite. 

The  porphyritic  texture  noted  megascopically  is  inconspicuous  in 
thin  section,  for  the  reason  that  the  feldspars  are  somewhat  grada- 
tional  in  size  and  the  larger  grains  are  relatively  so  few  that  they  are 
largely  lost  sight  of.  While  the  limits  of  size  of  the  mineral  grains  lie 
between  rather  narrow  limits,  the  texture  of  the  K)ck  may  probably 
be  best  described  as  holocrystalline  granular  seriate.  The  feldspars 
are  essentially  identical  in  character  and  habit  with  those  of  the 
coarse-granite.  The  quartz  is  slightly  less  abundant  and  shows  a 
tendency  to  micrographic  intergrowth  with  the  feldspar.  In  fact 
from  some  outcrops,  probably  near  to  the  original  contact  with  the 
slate,  the  graphic  intergrowths  are  a  prominent  feature  of  the  rock. 
The  riebeckite  is  also  essentially  the  same  in  habit  and  optical  charac- 
ters as  in  the  coarse  granite.  In  general  it  appears  that  in  the  fresh 
rock  a  green  tone  predominates  over  blue  (except  about  the  margins) 
for  the  ray  (a)  which  is  nearest  the  cleavage.  The  zircon  is  usually 
present  in  well  formed  crystals,  which  is  in  sharp  contrast  to  the  habit 
of  this  mineral  in  the  coarse-granite.  Aegirite,  as  has  been  noted, 
is  present  in  the  fine-granite  from  the  relatively  small  outcrops  on 
Pine  Hill  and  in  the  Pine  Tree  Brook  Reservation.  Whether  it  was 
originally  present  in  the  mass  northeast  of  Fox  Hill  cannot  be  told,  on 
account  of  the  extreme  alteration  of  the  dark  minerals,  but  the  general 
impression  is  that  it  was  absent.  This  aegirite  has  the  same  relation 
as  those  described  for  the  granite.  In  addition  to  the  aegirite  a  deep 
green  pyroxene  closely  resembling  aegirite  in  general  appearance  but 
somewhat  less  pleochroic  and  of  much  lower  double-refraction  and  with 
a  larger  extinction  angle  is  present.  This  occurs  either  in  separate, 
sub-  to  anhedral  grains  or  is  enclosed  in  the  hornblende.  It  is  often 
strongly  altered  to  ferruginous  material.  It  seems  to  be  essentially 
the  same  pyroxene  which  appears  sparingly  in  the  coarse-granite  and 
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in  the  granite-porphyry,  and  is  thought  to  belong  to  the  aegirite- 
hedenbergite  line  of  pyroxenes.  Magnetite  or  ilmenite  is  quite  abun- 
dant in  the  form  of  inclusions  in  the  hornblende.  Its  appearance 
suggests  that  it  is  secondary  after  some  highly  ferruginous  mineral 
other  than  the  pyroxene.  Several  grains  of  the  dark  red  mineral,  be- 
lieved to  be  aenigmatite,  have  been  noted  enclosed  in  the  hornblende, 
and  the  magnetite  may  be  a  replacement  of  this  mineral.  Fluorite  in 
the  form  of  included  grains  is  often  very  abundant  in  the  pyroxene,  and 
it  is  also  present,  but  somewhat  less  abundantly,  in  the  hornblende. 

Porphyritic  Phase  of  the  Fir^^-Granite. —  The  tendency  of  the  fine- 
granite  to  become  porphyritic  where  it  probably  grades  into  the 
typical  granite-porphyry,  and  also  probably  for  a  very  short  distance 
where  it  is  in  original  igneous  contact  with  the  slate,  have  been  re- 
ferred to.  (The  latter  contacts  are  not  satisfactorily  exposed  and  the 
writer  is  not  altogether  certain  on  this  point.)  This  type  is  best 
exposed  for  study  in  several  outcrops  in  the  Pine-Tree  Brook  Reserva- 
tion and  at  one  point  just  north  of  the  entrance  to  Scaumaug  Notch. 
The  rock  while  not  so  profusely  porphyritic  as  the  granite-porphyry 
is  still  strongly  porphyritic,  showing  abundant  rectangular  feldspars 
and  rounded  quartz  grains.  The  groundmass  is  finer  than  the  average 
grain  of  the  typical  fine-granite  but  is  distinctly  coarser  than  the 
groundmass  of  the  granite-porph>Ty  described  beyond.  The  ground- 
mass  contains  rather  abundant  "specky"  hornblende.  Microscopi- 
cally the  groimdmass  is  essentially  of  the  same  texture  as  tlw 
fine-granite  although  it  often  shows,  in  the  inclusion  of  the 
groundmass  feldspar  and  quartz  by  the  hornblende,  an  approach  to 
the  characteristic  structures  found  in  the  typical  granite-porph>Ty 
of  the  Blue  HiUs. 

Chemical  characters. —  For  chemical  analysis  a  specimen  of  the 
fine-granite  from  an  old  quarry  just  south  of  Ruggles  Creek,  Quincy, 
was  selected.  Though  stained  slightly  brown,  the  rock  in  thin-section 
seemed  to  be  the  freshest  of  any  that  could  be  obtained.  The  values 
are  the  average  of  duplicate  analyses  except  that  ferrous-iron  and 
alkalies  are  the  average  of  three  and  four  determinations  each. 
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10. 

4. 

11. 

12. 

Percent. 

Moi«e.  lUtkw. 

SiO, 

71.41 

1.190 

74.86 

76.52 

71.63 

z,o, 

.10 

.001 

.20 

A1,0, 

12.74 

.125 

11.61 

12.30 

13.71 

Fe,0, 

1.75 

.011 

2.29 

.70 

2.09 

FeO 

2.33 

.032 

1.25 

.56 

1.76 

MnO 

.10 

.001 

.02 

tr 

tr 

MgO 

.06 

.001 

.05 

.16 

.19 

CaO» 

.85 

.014 

.41 

.31 

1.31 

NajO 

4.59 

.074 

4.30 

5.19 

3.24 

K,0 

5.00 

.053 

4.64 

4.58 

4.49 

H,0-f- 

.56 

(.028) 

.31 

.41 

.51 

H,0- 

.10 

.m 

.11 

8 

TiO, 

.38 

.005 

.20 

.12 

.34 

PiO, 

.22 

.001 

tr 

tr 

CO, 

.40 

— 

.41 

100.59 

100.96 

100.96 

99.76 

Sp. 

G.  of  No.  10 

at  20**  C.  - 

2.66 

10.  Fine-granite,  South  of  Ruggles  Creek,  Quincy. 

4.    Average  of  three  analyses  of  coarse  Quincy  Granite. 

11.  Fine-grained  or  Micro-granite  —  Neponset  Valley,  Mass.,  F.  Bascom, 
Op.  cit.,  p.  137,  Intermediate  in  the  field  between  the  granite  (No.  9)  and  the 
AporhyoUte  (No.  12). 

12.  Aporhyolite.  F.  Bascom,  Op.  cit.,  p.  138,  Peripheral  phase  of  granite 
batholith,  Neponset  Valley. 

The  "norm"  calculated  from  the  above  molecular  ratios  is  as 
follows :  — 

Norm. 
Quartz  24.06  1 

Zircon  .  10 

Orthoclase    29.47 
Albite  37.73  J 


«^l^=1.14>|;ClassL 


91.36  Salic  Minerals. 

^  =.35  <  j  >  ^;  Order  4;  quardofelic. 
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Norm- 

Acmhe  92 

Diopside  2  71 
HypcTsthene  1.19 
Mail^Deute  2  09 
Ifanenite  .76 

Apatite  34 

99"  37 


^^0*^=  >  H  R*nge  1;  permlkalk. 
8-01  Femic  Minerals. 

^^=.73<|>{;  Subraiige3;  sodipotassic 

Liparose 


The  rock  is  therefore  a  riebeckite-grano-Uparose. 

In  calculating  the  mineral  composition  the  albite  was  taken  as 
Ab»An4,  which  is  as  near  as  it  could  be  determined,  and  the  total 
amount  of  feldspar  was  assumed  to  be  that  found  by  a  careful  Rodval 
measurement  made  on  two  thin-sections.  The  small  amount  of  cal- 
cite  and  limonite  were  disregarded,  but  a  part  of  the  water  above  110® 
was  uied  in  the  proportion  in  which  it  was  known  to  be  present  in 
the  Rief^eckite  hornblende  of  the  pegmatites  *^  which  optically  ap- 
pears to  be  identical  with  that  in  the  fine-granite. 

The  results  are  as  follows :  — 


Cklaiut«d. 

Quartz  23  3 

Albite  Ab»An5  36  93 
Microdine  29 .  47 

Hornblende 
Magnetite 


Ilmenite 

Zircon 

Apatite 


8  41 
1  46 


23.3 
66.4 

10  3 


RosiTml 
Estimate. 

22  9 

66  4 


10 


Feldspars 
Quartz 
Albite 


Microcline 


R«tkM. 


=  2.84 


=  1.25 


.10 
.34 


Albite  =  55  6 
Microcline  =  44.4 


100.00        100  00 


Microperthite  =  100  00 


The  percent  of  the  molecules  Na3FeiSi40u  and  (R'iR'04Si4Oii 
in  the  hornblende  were  found  to  be  44  and  56^  respectively.  In  the 
pegmatite  Riebeckite  these  were,  42  and  58^,  which  are  in  good  agree- 
ment with  those  from  the  granite,  and  indicate  the  close  similarity 
of  the  two  hornblendes  which  was  inferred  from  their  optical  charac- 
ters. 

Compared  with  the  coarse-granite  (4),  we  note  3.4^  less  silica; 
1.1^  more  alumina;  0.5^  higher  total  iron  oxides,  but  with  ferrous 


81  Warren  k  Palache.  loc.  cit.,  p.  154. 
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iron  in  excess  over  ferric  as  it  should  be  with  aegirite  absent.  The 
relative  proportion  of  the  alkalies  is  not  notably  diflPerent  but  their 
total  is  higher  by  0.65%.  Mineralogically  these  differences  corre- 
spK)nd  to  much  less  quartz  and  to  a  greater  preponderence  of  albite 
over  microcline  than  in  the  coarse-granite,  the  ratios  being  —  Feldspar 
to  Quartz,  2.84  (fine-granite)  and  1.67  coarse-granite,  and  Albite  to 
Microcline,  1.25  and  1.02  resp. 

In  columns  11  and  12  the  peripheral  rocks  of  the  Neponset  Valley 
granite  intrusion,  described  by  Professor  Bascom  and  already  alluded 
to  are  given.  It  can  be  seen  at  a  glance  from  these  analyses,  and  the 
same  is  fully  borne  out  by  the  microscopic  characters  given  by  Pro- 
fessor Bascom,  that  the  peripheral  phases  of  the  Neponset  granite 
are,  like  the  granites  themselves,  quite  sharply  contrasted  chemically 
and  mineralogically  to  those  of  the  Quincy,  Mass.,  granite. 

Rosival  measurements  have  also  been  made  on  thin-sections  of  the 
fine-granite  from  other  localities  to  determine  their  approximate 
mineral  compK)sition.     These  are  given  below :  — 

Mineral  Composition  of  Fine-granites  computed  from  Rosival 

Measurements. 


RugKles  Creek, 
Quincy. 
(type  analyzed.  No.  10.) 
(a.) 
Quartz                   22.9 

Wyman's 

Hill. 
Weymouth, 
(b.) 

24.3 

Pine  Tree 

Brook 

Reservation. 

(c.) 

24.50 

North  of  Great 
Dome  (Reserva- 
tion). (Altered.) 
(d.) 

25.8 

Microperthite 

66.4 

67.4 

66. 

67.1 

Riebeckite, 

10.7 

8.3 

Soda-iron  rich 

) 

pyroxene  and 

9.5 

7.1 

Hornblende 

100.0  100.0  100.0  100.0 

These  show  a  fairly  close  agreement,  but  some  variation,  just  as 
has  been  shown  to  exist  in  the  coarse-granite,  appears  to  exist  in  the 
fine-granite  from  different  localities.  In  (a)  and  (b)  the  dark  silicate 
is  riebeckite;  in  (c)  and  (d)  some  pyroxene  is  present,  and  they  are 
also  more  altered,  while  the  habits  of  the  hornblende  and  pyroxenes 
are  not  quite  so  favorable  to  accurate  measurement. 
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The  Blue  Hill  Porphyries. 
Granite-porphyry:   quartz-feldspar-porphyry. 

Distribution;  Megascopic  Characteristics, —  The  porph>Ty  with  its 
variations  into  quartz-feldspar-porphyry  is  the  contact  phase  of  the 
granite  magma  over  that  part  of  the  field  enclosed  within  the  limits 
of  the  Blue  Hill  Reservation,  and  occupies,  therefore,  all  of  the  more 
elevated  part  of  the  field.  It  is  found  outside  of  the  Reservation 
only  in  the  relatively  small  but,  nevertheless,  important  tract  known 
as  the  Pine  Hill  area,  which  lies  immediately  east  of,  and  is  continuous 
with  the  Reservation.  Here  the  porphyry  is  associated  with  fine- 
granite  and  with  a  more  basic  phase  of  the  contact  zone,  the  darker 
colored,  rhombenporphyry.  The  same  is  true  of  the  Pine  Tree  Brook 
area  and  in  both,  it  is  worthy  of  note,  that  patches  of  the  original 
cover  of  Cambrian  slates  remain.  The  porphyry  cover  does  not 
reach  quite  to  the  northern  edge  of  the  Reservation  but  is  cut  off  along 
a  line  that  stretches  across  the  top  of  Rattlesnake  Hill  and  thence 
mns  a  westerly  and  southwesterly  direction  as  far  as  the  alkaline 
rocks  extend.  The  areal  continuity  of  the  porphyry  is  broken  in 
three  places  by  masses  of  aporhyolite,  or  felsite,  as  it  has  been  called 
for  convenience  in  the  field.  The  general  outlines  of  these  masses  are 
indicated  on  the  map.  Considered  as  later  in  age  than  the  porph>Ties 
and  granite  by  Crosby,  this  rock  is  by  the  writer  believed  to  be  of 
earlier  consolidation  and  it  is  against  the  felsite  that  the  magma 
consolidated  with  some  of  its  most  interesting  textural  variations. 

It  is  quite  impossible  to  define  the  extent  or  exact  relative  amounts 
of  the  different  phases  of  the  porphyry,  partly  on  account  of  their 
transitions  into  one  another,  partly  because  of  their  very  irregular 
distribution  and  partly  because  of  the  difficulties  of  distinguishing 
minor  variations  in  hea\'ily  weathered  and  lichened  outcrops.  The 
relative  importance  of  the  different  varieties  and  their  relation  to 
each  other  can,  nevertheless,  be  made  out  with  certainty.  \Miat  is 
here  termed  granite-porphvTV  is  in  areal  distribution  and  in  volume 
the  most  important  rock.  It  is,  as  would  naturally  be  expected,  the 
phase  that  inmiediately  overlies  the  granite  and  while  in  some  parts 
of  the  area  (Pine  Hill,  for  example)  it  passes  gradually  into  the  granite, 
in  others  it  changes  suddenly  into  the  porph\Titic  phase  of  the  granite. 
The  thickness  of  the  porphxTv  cover  varies  greatly  from  a  few  feet 
^on  Pine  HilD  to  alx>ut  200  feet  (estimated)  on   Rattlesnake  Hill. 
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Though  this  last  thickness  may  be  exceeded  in  the  western  part  of 
the  Blue  Hills,  it  is  thought  to  represent  very  roughly  the  present 
thickness  of  the  porphyry. 

The  least  altered  material  obtainable  from  the  old  quarries  on  the 
east  end  of  Rattlesnake  Hill  shows  the  granite-porphyry  phase  to  be  a 
holocrystalline  rock  having  much  the  appearance  of  a  rather  fine 
grained  granite  (for  which  it  is  usually  mistaken  on  first  inspection) 
of  a  prevailing  light,  greenish-grey  color.  Closer  inspection  shows 
clearly  that  it  consists  of  abundant  phenocrysts  of  alkaline  feldspar 
and  quartz  embedded  in  a  finely  granular  groimdmass  in  which  app>ear 
numerous  irregular  specks  or  grains  of  black  mineral.  The  feldspars 
are  the  more  abundant  phenocrysts.  They  are  elongated  parallel  to 
the  edge  001-010,  have  a  somewhat  tabular  habit  on  010  and  although 
usually  rounded  or  broken  on  the  ends,  show  nevertheless,  a  tendency 
to  form  rather  acute  terminations.  They  may  measure  as  much  as 
8  mm.  long,  5  to  6  mm.  in  breadth  by  2  to  3  mm.  in  thickness,  but  the 
average  is  smaller.  A  chatoyancy,  characteristic  of  the  cryptoperthitic 
feldspars,  may  sometimes  be  seen  (this  is  well  shown  on  polished 
surfaces).  The  quartz  forms  rather  inconspicuous  rounded  grains 
usually  smaller  than  the  larger  feldspars.  The  fracture  of  the  rock 
is  much  like  that  of  the  fine-granite  and  the  jointing  is  likewise  finer 
than  in  the  coarse  granite,  with  a  strong  tendency  to  the  formation  of 
sharply  prismatic  blocks. 

While  reddish  stains  may  be  seen  in  a  few  of  the  feldspars  of  almost 
any  specimen,  there  are  streaks  and  irregular  patches  in  which  red 
spots  are  very  abundant  and  characteristic.  The  grey  variety  of 
the  granite-porphyry  is  interlaminated,  as  it  were,  with  streaks  of 
considerable  regularity  and  persistence  of  a  darker  phase.  This  is 
dark  grey  to  almost  black,  and  recalls  the  association  of  the  dark 
and  light  grey  coarse-granite  with  which  it  is  doubtless  strictly 
analogous. 

Alteration  of  the  porphyry  produces  a  whitening,  generally  accom- 
panied by  a  slight  brownish  or  reddish  discoloration  of  the  feldspar 
phenocrysts,  while  the  groundmass  becomes  grey  or  grayish  blue 
owing  to  the  breaking  up  and  dissemination  of  the  dark  constituents. 
More  advanced  alteration  produces  a  general  breaking  up  of  the 
groundmass. 

Over  large  areas  in  the  hills,  the  granite-porph>Ty  appears  in  a  form 
that  may  more  properly  be  termed  in  the  field  a  quartz-feldspar- 
porphyry  than  a  granite-porphyry,  for  although,  as  shown  by  the 
microscope,  the  grain  of  the  groundmass  is  but  little  finer  than  that 


Digitized  by 


GooglQ 


240  PROCEEDINGS  OF  THE  AMERICAN   ACADEMY. 

of  the  variety  above  described,  the  distribution  of  the  dark  mineral 
through  the  groundmass  from  one  cause  or  another,  renders  the  latter 
quite  dense  in  appearance  and  of  a  peculiar  grey  or  bluish-grey  color. 
The  phenocrysts  are  more  conspicuous  and  all  the  more  so  when  the 
feldspar  is  whitened  or  slightly  stained  (pink  or  brown).  This  type 
of  rock  is  abundantly  exposed  for  observation  on  the  broad,  gently 
rounded,  smooth  ledges  characteristic  of  the  northerly  slopes  of  the 
hills  and  is  a  very  characteristic  feature  of  the  area. 

This  last  rock  is  scarcely  to  be  distinguished  from  the  phase  with  a 
truly  dense  groundmass  into  which  it  grades,  and  which  also  has  a  wide 
but  irregular  areal  distribution.  If  anything  the  phenocrysts  are 
slightly  less  abundant  than  in  the  former,  the  quartz  forms  rounder 
and  more  prominent  grains  and  the  groundmass  is  more  varied  in 
color  and  often  darker.  The  color  may  be  dark-grey,  bluish-grey, 
pale-green  or  even  dark-red  to  brown  and  less  commonly  of  a  purplish- 
red.  The  last  mentioned  colors  belonging  to  exposures  which  have 
suffered  a  more  complete  oxidation  of  the  iron-bearing  minerals. 
Many  ledges  exhibit  a  heterogeneous  structure.  The  grey  or  bluish- 
grey  porphyry  contains  angular  fragments,  usually  of  the  yellowish- 
green  color,  varying  in  size  from  ones  measuring  a  few  millimeters 
across  to  ones  upwards  of  several  inches  in  their  largest  dimension; 
also  numerous  streaks  and  blotches  of  the  similar  material,  of  varying 
width  and  length.  These  streaks  and  fragments  by  their  arrangement 
often  show  a  pronounced  flow  structure;  again  the  fragments  are  so 
numerous  as  to  constitute  a  breccia.  Alteration  further  accentuates 
the  heterogeneity.  At  one  point  on  Heminway  Hill  the  two  varieties 
are  so  mingled  together  as  to  produce  the  appearance  of  a  tuflP.  The 
brecciated  character  of  the  porph>Ty  is  clearly  connected  with  the 
immediate  contact  of  the  magma  with  older  rocks  and  is  sufficient 
evidence  that  the  contacts  were  at  most  only  a  short  distance  from 
the  present  surfaces  of  the  rocks  as  now  exposed,  and  that  erosion 
has  removed  very  little  of  the  intrusive  rock,  a  point  that  seems  to  be 
entirely  borne  out  by  the  notable  scarcity  of  rocks  of  the  alkaline 
type  in  the  conglomerates  and  other  sediments  of  later  age.  The 
streaked  porphyry  referred  to  by  Professor  Crosby  ^^  as  occurring 
on  the  south  side  of  the  Blue  Hills  both  in  situ  and  in  the  basal  beds 
of  the  Norfolk-Basin  conglomerate  is  undoubtedly  of  this  t>T)e  and 
its  heterogenous  structure  is  not,  as  was  supposed  by  him,  due 
entirely  to  differential  weathering. 


32  op.  cit.  p.  359. 
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In  several  localities  in  the  Hills,  notably  on  the  north  and  northeast 
slopes  of  the  Great  Blue  Hill  and  on  the  southern  extension  of  Hemin- 
way  Hill,  there  are  large  outcropings  of  a  porphyry  in  which  the 
feldspar  phenocrysts  are  megascopically  quite  inconspicuous.  The 
quartz  phenocrysts  are  fairly  numerous  but  small.  The  groundmass 
is  aphanitic  and  usually  of  a  dark  brownish  red  or  purplish  color.  In 
some  places  it  appears  to  grade  into  the  more  crystalline  porphyry 
about  it;  in  others  the  transition  is  sudden,  almost  sharp,  although 
always  perfectly  sealed.  The  sharpness  of  the  transition  here  as  with 
the  other  types  —  granite,  fine-granite  and  granite-porph^Ty  —  is  a 
characteristic  relation. 

In  the  region  about  Wampatuck  Hill,  the  porph\Ty  at  the  contact 
with  the  aporhyolite  is  of  the  very  dense  quartz-porph>Ty  variety. 
The  quartz  phenocrysts  are  small  and  numerous,  the  feldspar  is 
megascopically  subordinate  while  the  groundmass  (where  not  strongly 
weathered)  possesses  a  peculiar  yeliowish-green  color  which  the 
microscope  shows  is  due  to  the  presence  of  many  minute  aegirite 
microliths.  Going  away  from  the  contact  the  rock  changes  within 
a  short  distance  —  varying  perhaps  from  6  to  18  inches  —  into  the 
variety  with  more  abundant  phenocrysts  and  this  in  turn  changes 
rapidly  but  gradually  into  the  granite-porph^Ty  of  the  Rattlesnake 
Hill  type.  In  the  finer  grained  rock  of  the  contact  are  many  frag- 
ments, clearly  of  the  contact  phase  of  the  porph>Ty  itself  and  others 
seemingly  of  the  aporhyolite. 

Along  the  easternmost  portions  of  the  contact  with  the  felsite  in 
the  Pine  Hill  Area,  the  porphyry  at  the  contact  presents  a  somewhat 
different  charcter.  At  the  immediate  contact  it  is  of  the  dense  quartz- 
porphyry  type  and  this  shows  breccia  and  flow-structiwes.  Within  a 
few  inches  this  is  succeeded  quite  suddenly  by  a  coarsely  porph>Titic 
t^'pe  which  is  confined  to  this  mode  of  occurrence.  Here  the  feldspars 
are  larger  and,  when  not  broken  or  rounded,  show  acute  terminations 
approaching  the  "rhomben"  type.  They  are  often  visibly  broken 
and  resealed.  In  size  they  frequently  measure  a  centimeter  in  length 
by  5  to  7  mm.  in  breadth  by  3  to  4  mm.  in  thickness.  The  average  is 
somewhat  under  these  figures.  The  quartz  grains  are  fewer  in  num- 
ber and  also  larger  than  in  the  run  of  the  porphyry,  sometimes 
rivalling  the  feldspars  in  size.  The  groundmass  is  dense  and  usually 
of  a  grey  or  bluish-grey  color  though  in  streaks  and  patches  it  is 
greyish  or  yellowish-green.  In  this  coarse  porph>Ty  near  the  contact 
are  streaks  and  fragments  of  the  finer  material.  These  are  in  part 
portions  of  the  coarse  porphyry  reduced  to  a  fine-grained  rock  by 
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of  a  dense  to  very  finely  crystalline  rock  rather  sparsely  sprinkled 
with  minute  black  specks  of  hornblende  are  found.  These  are  usually 
small  rarely  measuring  more  than  a  few  inches  across.  When  altered 
they  are  of  a  light-grey  or  light,  bluish-grey  color  and  usually  show  a 
few  small  phenocrysts  of  feldspar.  They  belong  to  the  alkaline 
series,  and  seem  to  be  essentially  identical  with  the  porphyry  in  com- 
position, but  appear  to  differ  in  texture  from  the  inclusions  in  the 
brecciated  portions  of  the  porphyry  before  alluded  to.  These  corre- 
spond closely  in  many  respects  to  paisanite. 

Microscopic  characters  of  the  Porphyry:  —  The  granite-porphyry 
from  Rattlesnake  Hill  in  the  eastern  part  of  the  Reservation  will  first 
be  described,  for  it  is  here  that  it  is  perhaps  best  exposed  and  where 
fresh  material  for  sections  and  chemical  analysis  can  be  most  easily 
obtained. 

In  thin-section  the  light  greenish-grey  porphyry,  which  is  consid- 
ered the  normal  type,  is  seen  to  consist  of  abundant  phenocrysts  of 
feldspar  (ca.  40%),  quartz  (ca.  12%)  (see  accompanying  table,  col- 
umn I),  areas  of  hornblende  and  pyroxene  (mostly  aegirite),  in  part  as 
distinct  grains  but  largely  in  the  form  of  poikolitic  intergrowths  with 
the  groundmass,  all  embedded  in  a  fine  groundmass  of  microperthite, 
quartz,  hornblende,  and  aegirite.  Accessory  aenigmatite,  magnetite, 
hematite,  zircon,  fluorite  and  occasional  calcite  and  astrophyllite  are 
also  present. 

Table  of  Rosival  estimates  of  Quartz  and  Feldspar  Pheno- 
crysts IN  Porphyry. 


I 

II 

III 

IV 

Feldspar 

40.5 

32.2 

19.0 

39.1 

Quartz 

12.4 

16.3 

14.5 

6.4 

Groundmass 

47.1 

51.5 

66.5 

54.5 

100.0  100.0  100.0  100.0 

I  Unaltered  Granite  Porphyry,  Rattlesnake  Hill,  average  measurements 
of  two  sections. 

II  Quartz-feldspar-porphyry,  ledge  S.  of  Administration  Road,  S.  of  Wam- 
patuck  Hill, —  11  feet  from  aporhyolite  contact.     Made  on  one  large  section. 

III  Same,  3    from  same  contact. 

IV  Coarsely  porphyritic  phase  of  contact  porphyry.  Contact  east  end 
of  aporhyolite  Pme  Hill,  West  Quincy.  Average  of  two  extra  large  thin- 
sections. 

Among  the  phenocrysts,  the  feldspar  greatly  predominates.  Before 
modification   by  breaking  and   later   recrystallization,  the   feldspar 
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i  form  in  effect  a  part  of  the  latter.     The  original  feldspar  material 

. ;  includes  a  few  early  p^Toxene  crystals  (or  such  replaced  and  man- 
tled with  aegirite),  but  is  free  from  other  inclusions.     Where  recry- 

:  ^  stallized  or  invaded  by  albite,  the  phenocrysts  contain  abundant 

^  shreds  and  fibers  of  riebeckite  and  aegirite  grains. 

.    •  With  low  powers,  the  phenocrysts  appear  fresh  and  homogeneous, 

• .?  with  higher  powers  considerable  portions  of  the  crystals  and,  rarely. 
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tic  intergrowths  with  the  feldspar  and  quartz  of  the  groundmass.  In 
size,  most  of  these  areas  are  comparable  with  that  of  the  smaller 
phenocrysts  of  quartz  and  feldspar  and  rarely  exceed  2  mm.  in  their 
longest  dimension.*  In  the  interior  of  many  of  these  groups  is  massive 
or  nearly  massive  hornblende,  frequently  enclosing  pyroxene  (see  Fig- 
ure I,  Plate  1).  The  massive  material  passes  gradually  into  the 
poikilitic  intergrowth  and,  while  about  the  edges  there  are  slightly 
connected  or  unconnected  grains,  more  distant  from  these  masses 
there  is  little  hornblende  present  other  than  a  few  shreds  of  secondary 
origin. 

The  poikihtic  hornblendes  show  a  strong  tendency  to  form  along 

35  Compare  albitization  of  feldspar  in  coarse-granite  noted  earlier. 
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the  margins  of  the  enlarged  feldspar  phenocrysts  which  served  as 
points  of  attachment  and  sometimes  entirely  surround  them.  The 
smaller  microperthitic  feldspars  of  phenocrystalline  age  with  their 
enlargements  are  even  enclosed  by  a  single  group  along  with  ground- 
mass  microperthite  and  quartz  (as  shown  in  Figure  II,  Plate  1). 
The  hornblende,  with  the  possible  exception  of  the  massive  centers, 
obviously  belongs  to  the  groundmass  period  of  crystallization. 

In  relatively  thick  sections  or  with  crushed  material,  the  hornblende 
possesses  a  prevailingly  dark-blue  or  greenish-blue  color.  In  good 
thin-sections,  however,  the  characteristic  color  is  a  deep  green  or  a 
bluish-green  and  the  purer  blue  tones  appear  about  the  periphery  or 
in  streaks,  and  only  rarely  makes  up  any  considerable  portion  of  the 
more  massive  parts.  The  other  characteristic  ray  (across  the  cleavage 
in  010  sections)  is  colored  light  yellow,  light  yellowish-green  or  light 
brownish-yellow.  The  extinction,  in  part,  is  that  of  riebeckite,  but  as 
in  the  granite,  the  extinction  of  the  greener  hornblende  is  much  larger 
(ca  35°),  indicating  an  alkali-hornblende,  probably  a  cataphorite. 
The  optical  elongation  is  very  difficult  to  determine  owing  to  the  deep 
colors  and  low  double  refraction  but  is  negative  for  the  blue  type  and 
probably  positive  for  the  catophorite. 

The  texture  of  the  hornblende  is  well  described  as  "spongiform," 
or  more  accurately,  as  domoikic  with  relatively  fine  to  coarse  xeno- 
crysts.  The  feldspar  and  quartz  xenocrysts  show  about  the  same 
range  of  sizes.  They  are  irregular  to  tabular  in  habit  while  the  quartz 
xenocrysts  are  commonly  round. 

Aegirite  is  the  most  abundant  pyroxene  but  some  other  variety  is 
present,  of  augitic  appearance.  The  augitic  pyroxene  occurs  in  cer- 
tain of  the  feldspar  phenocrysts  and  also  in  the  form  of  larger 
crystals  in  the  groundmass,  often  surrounded  by  the  hornblende  (see 
Figure  1,  Plate  1).  It  has  sometimes  a  pale  brown  color  but  is 
usually  a  pale  greenish-yellow.  Rarely  the  augite  material  extends 
to  a  sharply  marked  line  about  which  is  a  rim  of  deep-green  aegirite. 
More  often  the  augite  appears  as  such,  only  at  the  center,  and  is  suc- 
ceeded outwardly  by  an  indefinitely  bounded  green,  aegiritic  looking 
material.  The  depth  of  color  increases  toward  the  margin.  The 
extreme  edge  appears  to  be  aegirite.  Again  no  augite  can  be  seen, 
but  the  green  to  deep-green  material  with,  however,  the  habit  of  the 
augite,  forms  a  core  which  is  indefinitely  bordered  by  aegirite.  Twin- 
ning on  a,  100  occurs  as  do  also  zonal  structures,  but  the  latter  lack 
sharpness.  The  aegiritic  material  is  often  finely  granular,  and  may 
include  fluorite  grains,  and  much  indeterminate  dust.     Occasionally 
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paralid  :o  «  |xx>riy  developed  oK^^-^^:e,  Th^  larjrer  ones  will  hardly 
exotxxi  ;»  few  humiixMiihs  of  a  milUnK'ter,  the  r«it  ranging  down  to 
tii\.v  TvxirHl  paniv^es  OaXX^  mm.  in  diameter.  In  a  single  duster  the 
m^ftjor.Tv  i\f  tht*  graiiis  ha\-e  nearly  or  quite  the  same  orientation. 
Tboir  ov>k^r,  ami  suv^h  other  oi  their  optical  properties  as  can  be  made 
out.  snx^r.i  to  be  ihe  same  as  those  given  earlier  for  the  aenigmatite 
*^  the  irr^nite.     The  Ur^fier  grains  are  comnnvily  slijAtly  attadwd  to 
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presence  of  abundant,  minute  prisms,  scales,  fibers  and  irregularly 
shaped  pieces  of  the  blue-hornblende  scattered  through  the  ground- 
mass,  as  well  as  fibers  distributed  along  the  cleavages  and  the  direction 
of  perthitic  intergrowth  in  the  feldspar;  and  in  the  nearly  or  complete 
disappearance  of  the  aenigmatite.  It  is  not  probable  that  the  dark 
porph^Ty  originally  differed  from  the  grey  in  chemical  composition  and 
the  present  differences  are  undoubtedly  due  to  alteration  acting  along 
zones  or  streaks  in  the  porphyry  mass  as  a  whole.  The  alteration  is 
different  from  that  produced  by  purely  superficial  alteration,  and  is 
believed  to  be  a  result  of  deep-seated  alteration  (connected  probably 
with  late  magmatic  conditions)  in  the  same  way  that  the  corresponding 
streaks  of  dark-grey  granite  are. 

Characters  of  the  Granite-Porphyry  elsewhere  in  the  Area. —  Both 
the  light  and  dark  varieties  have  a  very  extensive  development 
throughout  the  Blue  Hills,  but  microscopic  study  of  a  large  number  of 
specimens  from  many  points  shows  that  there  have  been  considerable 
changes  effected  in  the  various  minerals  beyond  those  which  are 
thought  to  have  developed  during  the  late  magmatic  stage  or  in  one 
immediately  following  it.  These  changes  may  perhaps  have  been 
effected  during  periods  of  profound  geologic  disturbance  through 
which  the  region  has  passed,  but  the  writer  is  inclined  to  think  that 
they  are  in  the  main  but  a  continuation  of  the  modifications  described 
as  occurring  in  the  Rattlesnake  Hill  porphyry,  developed  during  the 
period  subsequent  to  the  consolidation  of  the  porphyry,  before  the 
granite  magma  below  had  completed  its  crystallization  and  was  still 
capable  of  giving  off  mineralized  vapors,  and  perhaps  also  before  all 
movements  as  a  result  of  upward  pressure  of  the  mass  beneath  had 
ceased.  Upon  these  are  often  superimposed  the  effects  of  superficial 
decay  although  these  are  limited  to  a  thin  surface  layer.  It  thus 
happens  that  many  exposures  afford  specimens  which  depart  more  or 
less  \\idely  in  the  details  of  the  structure  and  composition  from  the 
normal  type,  and  not  a  few  in  which  only  the  remnants  of  the  original 
structures  remain. 

Perhaps  the  most  striking  modifications  thus  effected  are  those 
sho\\Ti  by  the  feldspar  phenocrysts.  The  changes  in  the  original 
feldspar  substance,  believed  to  have  been  largely  brought  about 
during  the  latter  part  of  the  crystallization  period  or  immediately 
following  it,  have  been  described  for  the  normal  porphyry,  and  are 
to  be  seen  more  or  less  strongly  developed  ever^^^here  in  the  porphyry, 
although  they  are,  to  a  greater  or  less  extent  modified  by  subsequent 
and  more  general  alterations.     So  varied  are  the  details  of  these 
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changes  as  a  whole  that  it  would  be  impossible  to  fully  describe  them 
and  only  brief  description  of  some  of  the  more  characteristic  and  com- 
mon types  will  be  attempted.  The  accompanying  microphotographs 
(Figures  Nos.  IV,  V,  VI,  VII,  Plates  1  and  2)  will  serve,  perhaps  better 
than  the  descriptions,  to  furnish  an  idea  of  the  appearance  of  some  of 
the  types  of  modified  phenocrysts.  One  of  their  most  characteristic 
features  is  that  great  numbers  of  them  are  crossed  by  bands  or  streaks 
which  are  optically  continuous  with  the  marginal  parts  of  the  pheno- 
cryst  and  with  it  form  a  sort  of  mesh  enclosing  a  heterogeneous  mix- 
ture of  feldspar  material.  Theses  "streaks"  nearly  always  show  a 
distinct  central  division  line  representing  an  original  crack  now  sealed, 
and  extend  partly  or  entirely  across  the  crystal  in  slightly  curved  and 
often  ramifying  lines.  Along  the  central  division  line  there  is  usually  a 
narrow  streak  of  albite  material,  and  on  either  side  of  this  for  a  variable 
distance  the  material  shows  a  faint  microperthitic  structure  as  do  the 
marginal  parts  of  the  crystal  with  which  it  is  in  fact  continuous. 
Further  away  from  these  bands,  mingled  with  remnants  of  the  original 
feldspar,  may  be  more  coarsely  developed  microperthite,  or  separately 
crystallized  albite  and  microcline.  Frequently  these  separate  crystals 
are  orientated  parallel  to  the  original  feldspar  or  stand  normal  to  the 
edges  of  the  "streak";  again  they  are  situated  quite  at  random. 
They  may  take  the  form  of  rather  short  laths  or  are  entirely  irregular 
in  outline.  As  a  rule  albite  appears  to  be  more  abundant  than  would 
be  expected  if  the  changes  were  concerned  wholly  with  the  rearrange- 
ment of  the  albite  and  microcline  of  the  original  feldspar  and  there 
may  have  been  a  later  introduction  of  albite.  The  microperthite 
can  be  easily  recognized  as  a  rule  by  the  presence  of  minute  specks, 
cavities,  etc.  in  the  potash  member  just  as  in  the  granite  micro- 
perthite. Wherever  this  has  been  broken  or  replaced,  the  specks, 
etc.  are  absent,  but  needles  of  blue  amphibole  occur,  sometimes  with 
aegirite.  Both  aegirite  and  amphibole  are  commonly  developed 
along  the  original  division  line  in  the  "streak"  and  abundantly  on 
either  side  of  the  streak  as  a  whole.  It  appears  that  the  cracks  served 
as  channels  along  which  solutions  acted,  introducing  probably  some 
material  from  without  and  effecting  changes  for  a  short  distance  on 
either  side  in  the  original  feldspar  —  a  more  distinct  development 
of  the  albite  and  potash  members  —  thus  rendering  such  portions  of 
the  feldspar,  like  the  outer  margin,  relatively  more  stable  and  per- 
mitting them  to  persist  more  or  less  intact  while  the  less  stable  interior 
of  the  phenocrysts  unden\^ent  a  considerable  and  often  a  nearly  or 
complete  recrystallization  and   replacement.     The   question   of  the 
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instability  of  phenocrysts  as  originally  formed  will  be  discussed  more 
fully  in  a  later  paragraph  when  the  general  question  of  the  crystal- 
lization of  the  rocks  will  be  considered. 

In  extreme  cases,  particularly  where  the  rock  shows  otherwise 
evidences  of  extreme  modifications,  the  phenocrysts  have  been  re- 
duced to  a  fine  mixture  of  two  feldspars  in  size  of  grain  very  near  to 
that  of  the  groundmass  itself,  and,  if  it  were  not  for  the  preservation 
of  a  part  of  the  "streaks"  and  marginal  portions  of  the  phenocrysts, 
one  would  be  sometimes  in  doubt  whether  the  rock  contained  feldspar 
phenocrysts  or  not.  The  introduction  of  the  granular  material  of 
the  groundmass  along  breaks  in  the  phenocrysts  is  also  a  very 
common  phenomenon. 

Another  conspicuous  change  is  seen  in  the  modification  of  the  horn- 
blende groups.  The  beginning  of  the  alteration  shows  first  in  the  loss 
of  the  highly  spongiform  appearance  of  the  groups  brought  about  by 
the  development  of  minute  rods  or  fibers  of  deep  blue  amphibole 
about  the  edges  or  replacing  the  original  mineral.  Further  changes 
result  in  a  general  breaking  up  of  the  groups,  the  inner  and  more 
massive  portions,  where  these  occur,  being  also  involved.  Small 
clusters  of  prismatic  to  almost  fibrous,  deep  blue  amphibole  of  the 
riebeckite  type,  associated  with  abundant  magnetite  crystals,  and 
often  with  recrystallized  or  secondary  feldspar  and  quartz,  take  the 
place  of  the  original  group.  At  the  same  time  more  or  less  elongated 
prisms  and  more  irregular  grains  develop  in  the  immediate  neighbor- 
hood, and  to  a  greater  or  less  extent,  also  make  their  appearance 
throughout  the  rock  generally.  The  aegirite  associated  with  the 
hornblende  seems  to  be  less  easily  affected  but  is  nevertheless  finally 
involved  in  the  alteration.  Still  further  changes,  in  which  both  long 
continued  deep-seated  alteration  and  more  superficial  decay  doubtless 
play  a  part,  more  or  less  completely  destroy  the  original  hornblende 
and  pyroxene  and  the  resulting  products,  blue  riebeckite  shreds,  mag- 
netite with  hematite  and  limonite  or  other  ferruginous  products,  be- 
come generally  distributed  through  the  rock  and  only  clusters  of 
magnetite  grains  etc.  remain  to  mark  the  position  of  the  original  dark 
silicates.  Of  course  the  microhths  of  the  groundmass  also  suffer  a  cor- 
responding alteration. 

The  quartz  phenocrysts  are  often  impregnated  with  the  secondary 
amphibole,  and  in  the  more  advanced  stages,  are  broken  up  and  the 
parts  scattered.  The  quartz  of  the  groundmass  in  these  altered  phases 
is  perhaps  rather  more  distinct  than  in  the  normal  rock.  This  is  in 
part  because  it  is  little  affected   by  the  changes,  but  also  in  part 
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now  almost  wholly  recrystallized  to  an  albite-microcline  microperthite 
which  occasionally  takes  on  a  very  curious  habit  (see  below),  and  al- 
though there  appears  to  have  been  some  of  the  same  albitization  etc. 
as  has  been  described  for  the  granite-porphyry,  the  changes  in  the 
contact  phases  appear  to  have  been  more  in  the  nature  of  a  simple 
recrystallization.  The  later  rims  of  groundmass  age  are  either  lacking 
or  are  developed  to  a  slight  extent.  Many  of  the  quartz  crystals, 
locally,  show  a  well  developed  rim  of  later  growth.  Occasional 
crystals  or  groups  of  hornblende  seem  to  have  been  present  as  judged 
by  alteration  products.  There  is  often  a  strong  clustering  of  the  aegir- 
ite  microliths  as  if  in  an  attempt  to  form  a  larger  crystal,  and  there  are 
quite  numerous  small  prismatic  crystals  of  aegirite.  Many  aggre- 
gates of  aegirite  crystals  occur  whose  outlines  and  close  packing 
suggest  that  they  were  originally  formed  from  a  homogenous  crystal 
of  p^Toxene. 

The  curious  mode  of  alteration  of  the  feldspar  phenocrysts  which 
was  referred  to  immediately  above  occurs  rarely,  and  is  not  strongly 
developed  in  the  contact  porphyry  as  a  whole.  The  finest  examples 
were  observed  in  slides  from  specimens  taken  a  few  feet  east  of  the 
aporbyolite  contact  of  Hemingway  Hill.  It  is  so  unusual,  so  far  as 
the  writer's  exf)erience  goes,  that  its  peculiarities  will  be  noted  and 
illustrated  by  microphotographs.  For  the  most  part,  the  phenocrysts 
have  been  completely  recrystallized  into  curious  irregular  areas  of 
slightly  radiate  intergrowths  of  albite  and  microcline,  giving  the  im- 
pression of  a  delicate  tracery  (see  Figure  Vila  and  b,  Plate  2). 
Occasionally  the  borders  of  the  phenocrysts  have  been  replaced, 
wholly  or  in  part,  by  a  band  of  short  albite  laths  alternating  with 
microcline  (see  Figure  Vila). 

At  the  immediate  contact  and  for  a  few  inches  away,  the  ground- 
mass  becomes  extremely  fine  so  that  it  appears  almost  isotropic  with 
low  powers,  and  is  only  imperfectly  resolved  even  with  very  high 
magnifications.  It  consists  of  exceedingly  minute  prismoids  of  aegir- 
ite mingled  with  a  feebly  polarizing  aggregate  of  quartz  and  feldspar; 
also  with  much  fine  dust,  magnetite  octrahedra  and  hematitic  material. 
These  latter  may  be  due  to  alteration  which  has  affected  to  a  greater 
or  less  extent  all  of  the  specimens  which  it  was  possible  to  collect. 
Replacements  of  what  appear  to  have  been  small  p>Toxene  pheno- 
crysts may  be  occasionally  seen.  The  feldspar  and  quartz  pheno- 
crysts are  less  numerous  and  smaller,  and  the  proportion  of  quartz 
relative  to  feldspar  has  increased  (see  Rosival  measurements,  table 
p.  243,  Column   HI).     The  feldspar  in  all  the  slides  examined  is 
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changed  into  microperthite  or  a  fine  mixture  of  the  two  feldspars. 
Both  the  quartz  and  feldspar,  particularly  the  former,  originally 
possessed  rather  sharp  outlines  and  the  quartz  shows  less  resorption 
than  in  many  parts  of  the  porphyry.  Flow  structures  in  the  ground- 
mass  are  very  pronounced  but  there  are  no  indications  that  the  rock 
was  ever,  even  in  part,  glassy. 

As  already  noted,  a  characteristic  of  the  porphyry  near  the  contact 
is  the  presence  of  what  look  like  inclusions,  or  of  streaks  and  spots  of 
different  color  and  texture  from  the  matrix.  These  are  in  large  part 
unquestionably  parts  of  the  porphyry  itself  and  the  microscope  indi- 
cates that  they  are  in  large  part  fragments,  of  the  immediate  contact 
rock.  Some  of  the  streaks  show  evidences  of  much  recrystallization, 
and  seem  to  be  drawn-out  and  recrystallized  fragments.  At  the  con- 
tact with  the  aporhyolite  are  found  many  small  rounded  or  subangular 
fragments  which  megascopically  seem  to  be  certainly  pieces  of  the 
aporhyolite;  microscopically  however,  they  do* not  show  precisely  the 
same  structures,  nor  are  they  like  the  other  inclusions  of  the  porphyry 
itself.  They  are  believed  to  be  parts  of  the  aporhyolite  subsequently 
recrystallized  and  otherwise  changed  during  its  inclusion  in  the  hot 
porphyry  mass.  At  a  number  of  points,  where  at  present  no  contact 
with  other  rocks  is  to  be  found  but  which  from  their  structure  show 
conclusively  that  a  contact  was  originally  only  a  short  distance  away 
(vertically),  the  brecciated  character  of  the  porphyry  is  most  striking. 
In  such,  for  example,  a  short  distance  from  the  porphyry-aporhyolite 
contacts  on  the  small  knolls  south  of  Wampatuck  Hill  and  again  in 
the  extensive  ledges  northwest  of  the  aporhyolite  contacts  on  Heming- 
way Hill,  the  finest  example  of  the  brecciated  porphyry  are  to  be 
observed.  In  these  cases  the  matrix  is  a  quartz-feldspar  porphyry 
with  marked  flow  structure  and  of  the  type  found  two  or  three  feet 
distance  from  the  actual  contacts.  The  texture  of  these  inclusions  is 
usually  quite  irregular,  and  it  is  doubtful  if  any  of  them  represent 
original  textures.  Many  of  them  appear  to  have  been  drawn  out 
and  moulded,  as  it  were,  by  the  enclosing  matrix.  In  such  there  has 
been  much  recrystallization  of  the  original  constituents.  Growths  of 
aegirite  and  the  two  feldspars  are  common,  normal  to  the  surfaces  of 
the  phenocrysts,  and  to  the  margins  of  the  inclusion  itself.  The 
aegirite  and  microperthite  form  curious  radiating  intergrowths  and 
in  some,  a  poikilitic  intergroA\i:h  of  aegirite  and  albite  resembling  the 
"diabase"  structure,  may  be  seen.  Many  of  the  inclusions  contain 
what  appear  to  be  vein  structures  and  some  are,  in  common  with  the 
enclosing  porphj^Ty,  crossed  by  minute  quartz  veins.     Fluorite  is  pres- 
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ent  and  is  often  so  abundant  as  to  be  megaseopically  visible.  These 
structures  seem  to  the  writer  to  be  explained  by  the  h^'pothesis  that 
they  were  produced  by  the  breaking  and  tearing  off  of  the  first  con- 
solidated portions  of  the  porphyry  magma,  which  had  formed  against 
the  cooler  rocks  of  the  contact  zone,  by  movements  in  the  still  partially 
fluid,  and  doubtless  highly  viscous,  mass  beneath.  With  these  were 
doubtless  fragments  of  the  aporhyolite  not  now  clearly  distinguishable. 
Once  included,  the  fragments  were  modified  in  shape  and  more  or  less 
recrystallized  by  the  hot,  enclosing  mass,  with  its  mineralizing  vapors. 
The  porphyry  of  the  contact  zone  may,  therefore,  as  a  whole,  be 
regarded  as  possessing  a  somewhat  modified  taxitic  structure. 

Contact  Porphyry  of  the  Pine  Hill  Area. —  The  contact  phase  of  the 
porphyry  as  developed  on  the  eastern  slopes  of  Pine  Hill  are  deserving 
of  special  notice  (see  here  special  map  of  Pine  Hill  area).  In  the  first 
place  the  distance  from  the  granite  to  the  felsite  aporhyolite  as  has 
been  noted  earlier,  is  much  narrower  than  elsewhere,  ranging  from 
perhaps  15  ft.  at  the  extreme  eastern  end  to  perhaps  30  ft.  a  little  east 
of  the  summit  of  the  hill.  The  narrower  contact  zone  indicates  that 
here,  as  held  by  Professor  Crosby,  a  deep  part  of  the  contact  zone  is 
exposed  and  the  characters  of  the  rocks  fully  bear  this  out.  At  the 
immediate  contact  with  the  aporhyolite  we  find  a  very  dense,  not 
conspicuously  porphyritic  rock.  In  fact,  it  is  often  impossible  without 
microscopic  preparations  to  tell  when  one  is  dealing  with  the  aporhyo- 
lite and  when  with  the  porphyry.  The  similarity  is  increased  by  the 
fact  that  the  porph>Ty  at  the  contact,  here  as  elsewhere,  is  much 
brecciated,  giving  rise  not  only  to  the  appearance  of  flow  structure 
but  also  to  that  of  small  apophyses  of  dense  material  running  into  the 
porphyry,  and  these  might  easily  be  mistaken  for  apophyses  of  the 
aporhyolite  cutting  the  porphyry.  Such  they  were  supposed  to  be  by 
Crosby  and  they  naturally  constituted  the  strongest  argument  for 
the  intrusive  nature  of  the  aporhyolite.'^ 

A  few  inches  back  from  the  contact,  the  rock  quite  suddenly  as- 
sumes a  strongly  and  coarsely  porphyritic  habit.  The  quartz  and 
feldspar  phenocrysts  here  attain  the  largest  size  met  anywhere  in  the 
field  and  the  feldspar  is  relatively  more  abundant  than  elsewhere. 
(See  table,  p.  243,   Column   IV,  of  Rosival  measurements  on  the 

37  To  illustrate  how  natural  was  this  mistake  regarding  the  nature  of  this  con- 
tact the  writer  may  say  that  he  collected  several  suites  of  specimens  illustrating 
as  he  supposed  the  succession  of  types  across  the  contact,  only  to  find,  when 
they  were  sectioned,  that  they  were  all  of  the  porphyry  and  that  the  aporhyo- 
lite had  not  been  reached.  The  true  contact  was  found  two  or  three  inches 
beyond. 
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•  I  finely  granular  texture. 

;  J  As  one  recedes  still  further  from  the  contact  the  demarkation  be- 
tween phenocrysts  and  groundmass  becomes  less  and  less  distinguisha- 

.      ^,  ble  and  the  minerals  assume  gradually  the  relations  to  each  other 

•  .•   I  found  in  the  porphyritic  type  of  the  granite  and  this,  as  noted  earlier, 
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by  the  marked  differences  in  texture  of  the  two  rocks)  may  determine 
quite  surprising  differences  in  the  minor  essential  minerals. 

In  order  to  see  if  there  are  chemical  differences  between  the  granite- 
porphvTy  and  its  contact  phases  two  partial  analyses  were  made: 
one  (No.  11),  on  as  fresh  a  specimen  as  could  be  obtained  from  the 
porphyry-aporhyolite  contact  just  south  of  Rattlesnake  Hill.  This 
specimen  came  from  the  immediate  contact  and  under  the  microscope 
showed  small  phenocrysts  of  quartz  and  feldspar  embedded  in  a  very 
fine  groundmass  rich  in  aegirite  microlites.  The  second  specimen 
(No.  12)  came  from  about  a  foot  from  the  porphyry-aporhyolite  con- 
tact near  its  eastern  end  on  Pine  Hill,  West  Quincy.  The  specimen 
is  of  the  coarsely  and  profusely  porphyritic  type  with  feldspar  pheno- 
crysts  of  large  size,  and  is  the  t>^  characteristic  of  a  deeper  level  of 
the  contact,  with  these  analyses  is  given  in  part  that  of  the  normal 
granite-porphyry  of  Rattlesnake  Hill  (No.  10). 
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While  the  specimens  were  somewhat  altered  the  analyses  indicate 
that  there  has  been  little,  if  any,  real  differentiation  in  the  porph>Ty. 
The  almost  exact  reversal  in  the  relations  of  ferrous  to  ferric  iron  of 
the  extreme  contact  phases,  in  comparison  with  the  rock  of  the  main 
mass  of  porphyry,  with  but  a  slight  gain  in  the  total  iron  oxides,  is 
striking  and  in  keeping  with  the  strong  development  of  aegirite  in  the 
contact  rock,  and  may  point  to  stronger  oxidizing  conditions  near  the 
contact,  though  in  view  of  the  variation  in  these  oxides  in  the  granite 
itself,  its  significance  is  doubtful. 
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Dark,  Alkali-Feldspar-  or  Rhonibenporphyry, 

This  rock  is  the  one  to  which  Professor  Crosby  applied  the  name 
"basic-porphyry.*'  While  the  rock  is  distinctly  darker  in  color  and 
suggests  a  basic  rock  in  its  general  appearance,  and  in  fact,  is  truly 
more  basic  than  the  other  rocks  of  the  area,  it  is  not  a  particularly 
basic  rock  containing  in  any  case  not  much  under  60%  of  silica.  The 
term  **rhombenporphyry,"  which  will  be  used  here  in  describing 
this  rock,  seemed  an  appropriate  one  on  account  of  the  **rhomben" 
habit  of  the  feldspar  phenocrysts,  and  also,  on  account  of  the  strong 


W^"'^  OrnniCe-Pcr/bAtyry.  vBwl    Tfitfi. 


Section  through  the  Northern  Part  of  the  Pine  Hill  Area. 

This  section  is  intended  to  illustrate  the  relations  of  the  intrusive  rocks 
against  the  intruded  slate  where  the  latter  formed  relatively  deep  projections 
into  the  igneous  mass  (deep  contact  levels).  The  rhombenporphyry  Und  slate 
masses  have  been  somewhat  exaggerated  as  to  size  in  order  to  show  them  to 
better  advantage.  The  section  is  however  based  on  the  outcrops  as  shown  on 
the  special  map  of  this  area. 

resemblance  of  the  rock,  particularly  in  its  microscopic  characters, 
to  certain  rather  fine-grained  and  somewhat  altered  rhombenpor- 
phyries  which  the  writer  had  examined  from  the  Laurvik  region  in 
Norway.  The  typical  rhombenporphyry,  it  is  true,  is  characterized 
by  much  larger  phenocrysts  and  differs  chemically  from  the  present 
rock  in  some  respects. 
This  porphyry,  as  held  by  Crosby,  ^'  is  a  marginal  differentiate  of 

39op.  cit.,  pp.  370-371. 
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the  magma  developed  along  relatively  deep  slate  contacts  of  the  batho- 
lith.  If  we  may  include  the  dark  colored,  porphyritic  knots  which 
are,  as  will  be  shown,  very  closely  related  chemically  and  mineral- 
ogically  and  which  are  believed  to  be  of  identical  origin  with  the 
rhombenporphyry  we  may  say  that,  a  relatively  basic  feldspar- 
porphyry  phase  was  developed  not  only  against  the  deeper  projections 
of  slate  but  also  to  a  small  extent  against  the  deeper  contacts  of  the 
aporhyolite,  and  in  locations  such  as  those  just  underneath  the  granite- 
porphyry  in  the  higher  levels  of  the  contact  zone,  where  the  magma 
remained  fluid  for  a  suflScient  length  of  time  under  the  cover  of  its 
own  porphyritic  phases  to  permit  differentiation  to  take  place. 

Distribidion. —  The  areal  distribution  of  this  rock  is  relatively  very 
small.  It  is  limited  in  its  occurrence  to  the  Pine  Hill  and  the  Pine 
Tree  Brook  areas,  in  both  of  which  it  occurs  at  or  near  the  slate  con- 
tacts, and  is  associated  with  developments  of  the  fine-granite  and  with 
abundant  xenoliths  in  the  adjoining  granite-porphyry  and  p)orphy- 
ritic  granite.  None  of  its  outcrops  are  continuous  over  any  consider- 
able area  and  it  is  doubtful  if  any  single  mass  of  it  has  a  continuous 
area  of  over  10,000  square  feet,  or  a  thickness  measured  by  more  than  a 
few  tens  of  feet.  The  majority  of  its  exposures  are  considerably 
smaller  than  the  figure  just  mentioned  and  the  total  volume  of  the 
rock  is  relatively  small.  The  best  exposure  for  study  and  collection 
of  material  is  found  in  the  northern  part  of  the  Pine  Hill  area  (see 
special  map),  at  the  end  of  a  short  street  which  runs  east  from  Willard 
Street  in  West  Quincy.  At  this  point  is  a  prominent  ledge  which  in 
the  past  has  been  worked  for  road  metal.  The  rock  has  been  quar- 
ried in  an  open  cut  which  gives  excellent  exposures  for  a  distance  of 
some  50  feet  in  length  and  to  a  depth  of  about  15  ft.  Going  east 
from  this  ledge  toward  the  railroad  track  several  other  smaller 
masses  of  it  occur.  These  are  situated  very  close  to  two  small  out- 
crops of  Cambrian  slate  and  are  perhaps  in  contact  with  it.  They 
are,  as  shown  by  abundant  contacts,  enclosed  in  a  granite-porphjTy. 
At  a  point  a  few  hundred  yards  southwest  of  the  first  mentioned 
outcrop  a  number  of  smaller  masses  occur  enclosed  in  the  porphyritic 
granite  of  the  contact  type.  The  largest  of  these  masses  will  not 
measure  more  than  a  few  feet  in  their  greatest  dimension  and  from  this 
they  grade  down  to  fragments  which  are  comparable  in  size  to  the 
larger  xenoliths  found  in  the  granite  generally  throughout  this  area, 
as  will  be  noted  later.  Small  dark  patches  are  abundant  in  the 
granite  of  this  type  from  this  location  along  an  east-west  line  as  far 
as  the  railroad  where,  in  a  large  and  finely  glaciated  ledge,  the  inclusions 
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of  the  rhombenporphyry,  together  with  inclusions  of  a  somewhat  dif- 
ferent type,  are  found  in  the  granite  on  a  scale  seen  no  where  else  in 
the  field.  Judging  from  the  character  of  the  granite  along  this  line 
and  its  known  relation  to  the  contact  porphyry,  these  inclusions  can- 
not lie  more  than  a  few  yards,  and  probably  feet,  below  an  original 
slate  contact. 

Another  prominent  exposure  of  the  porphyry  is  found  just  north 
of  the  Great  Dome,  particulariy  beside  the  Sawcut  Notch  road  which 
passes  by  this  hill  on  the  north.  Small  dikelets  of  the  porphyry  are 
to  be  seen  cutting  the  slate  and  a  considerable  exposure  of  the  main 
mass  of  the  rock  at  this  point  is  also  seen  in  chilled  contact  with  the 
slate.  A  little  farther  west  within  the  Pine  Tree  Brook  Reservation 
(see  special  map)  proper,  on  the  Little  Dome  and  about  Pine  Rock 
are  numerous  and  excellent  exposures  although  the  rock  is  very  deeply 
weathered  in  all  of  them.  Several  small  inclusions  of  the  slate  are  to 
be  seen  in  the  rhomben-porph>Ty  and  a  thin  veneer  of  slate  may  be 
found  on  several  ledges,  thus  confirming  the  intimate  relation  of  the 
rock  with  the  slate  contacts  as  shown  elsewhere.  A  little  further 
.west  and  north,  in  the  lots  just  outside  of  the  reservation  at  near  the 
point  where  the  Sawcut  Notch  road  enters  it,  abundant  patches  of 
the  dark  colored  porphyry  are  found  included  in  the  large  granite 
dike  which  here  cuts  across  the  slates  (see  special  map). 

Megascopic  Characters. —  As  regards  the  relative  proportions  of 
phenocrysts  and  groundmass,  this  porphyry  varies  widely.  From 
a  rock  consisting  of  a  black  to  dark  greenish-black,  finely  granular 
groundmass,  holding  a  few  white  or  greyish  white  to  nearly  transparent 
phenocrysts  of ,  unstriated  feldspar,  it  varies  through  more  profusely 
porphyritic  phases  to  those  in  which  the  groundmass  is  practically 
indistinguishable  to  the  eye,  and  indeed  even  under  the  microscope 
is  so  small  that  the  rock  is  practically  a  syenite.  This  later  extreme 
phase,  it  may  be  noted,  has  been  found  in  only  one  or  two  good  sized 
ledges  in  the  Pine  Tree  Brook  area.  The  general  run  of  the  porphyry 
may  be  described  as  dopatic  to  sempatic,  viz.  groundmass  dominant 
or  equal  to  the  phenocrysts  in  amoimt. 

The  feldspar  phenocrysts  are  as  a  rule  somewhat  longer  than  broad 
and  in  their  longest  dimension  will  range  from  perhaps  2  mm.  to  nearly 
a  centimeter.  The  most  characteristic  thing  about  them  is  the  gently 
curved  sides  and  the  acute  terminations  of  a  large  proportion  of  them. 
The  habit  is  quite  strongly  "rhomben."  A  considerable  number  of 
them  are  not  simple  crystals  but  consist  of  two  or  more  parts.  It 
may  often  be  noticed  that  these  parts  terminate  in  two  or  more 
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porphyritic  granite  in  the  central  portion  of  the  westernmost  dike,  which  has 
been  described  in  some  detail  in  the  text  as  being  remarkable  for  the  abimdant 
xenoliths  of  rhombenporphyry  enclosed  in  the  coarser  grained  part.  The 
original  scale  of  this  map  has  been  reduced  in  reproducing  it  for  this  paper  so 
that  1  inch  equals  approximately  1000  ft. 

distinct  points  on  one,  or  even  both  ends  of  the  group.  Minute  dark 
grains  of  pyroxene  and  specks  of  secondary  minerals  may  be  seen  in 
the  feldspars,  particularly  about  the  margms.  (See  Figs.  VIII  and 
IX,  Plate  2). 

With  a  pocket  lense  the  groimdmass  has  a  slightly  oily  lustre  in 
fresh  specimens  and  is  of  a  yellowish-black  or  to  greenish-black  color. 
The  grain  is  rendered  somewhat  indistinct  by  the  alteration  products 
which  are  always  present.  Occasional  grains  of  augite  may  be  seen 
together  with  tiny  yellowish  crystals  of  epidote,  black  magnetites 
or  ilmenites  and  sometimes  patches  of  compact  greenish  black  sec- 
ondary material.  Rarely  a  grain  of  pyrite  occurs.  Superficial 
weathering  causes  the  groundmass  to  rust  (brown)  and  retreat  leav- 
ing the  whitened  and  roughened  feldspar  in  relief. 

Microscopic  Characters, —  The  original  minerals  present  in  the  type 
analyzed  are,  soda-orthoclase,*°  crytoperthite  or  microperthite  and 
augite  with  accessory  quartz,  apatite  and  magnetite  or  ilnienite. 
With  these  are  secondary  green  hornblende,  epidote,  biotite,  titanite, 
magnetite,  calcite,  sericite,  pyrite  and  limonite. 

The  habit  of  the  feldspar  phenocrysts  at  the  close  of  the  porphyritic 
stage  of  growth  seems  to  have  been  that  of  very  acutely  terminated 
crystals  with  rounded  contours,  the  crystal  being  frequently,  in  fact, 
of  almost  lensiform  outlines  in  cross-section.  The  tendency  to  form 
composite  groups  is  marked,  the  individual  members  being  united  by . 
quite  irregular  surfaces  and  often  arranged  in  a  slightly  divergent 
manner,  and  with  separate  terminations  all  pointing  as  a  rule  in  the 
same  direction.  The  original  outlines,  doubtless  those  which  give  so 
often  the  impression  in  the  hand  specimen  of  sharp  boimdaries,  are 
more  or  less  obscured  in  thin  section  by  the  later  growths  of  ground- 
mass  age.  The  central  parts  of  the  feldspar  crystals  are  in  part  of 
homogeneous  structure,  in  part  very  finely  striated  and  in  part  dis- 


40  The  term  anorthoclase  will  not  be  used  here  for  these  feldspars  as 
they  appear  to  be  monoclinic  and  the  term  anorthoclase  (used  by  Brdgger  for 
closely  similar  feldspars  in  the  rhombenporph>Ties  of  the  Laurvikite  area 
Norway)  Implies  triclinic  symmetry.  These  feldspars  may-  of  course  be 
triclinic  with  a  very  small  extimction  angle,  in  fact  an  apparent  angle  of  ex- 
tinction of  V  to  2°  was  observed  on  two  or  three  basal  cleavage  fragments. 
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The  groundmass  consists  essentially  of  mieroperthite  (rarely  a  little 
separate  albite)  augite  and  ilmenite  or  magnitite.  The  feldspar  is 
in  excess  and  now  contains  more  or  less  abundant  secondary  horn- 
blende, epidote,  etc.  The  feldspar  grains  are  xenomorphic  and  roughly 
equidimensional  and  of  somewhat  variable  size.  The  most  commonly 
observed  dimensions  are  from  00.1  to  00.2  mm.,  the  range  from  per- 
haps 0.05  to  0.3  mm.  The  augite  lies  between  the  feldspar,  indents 
it,  and  is  often  included  in  the  larger  grains  as  well  as  in  the  ground- 
mass  additions  to  the  feldspar  phenocrysts.  They  have  the  habit 
either  of  rounded  grains,  short  irregular  prisms,  or  of  considerably 
elongated  (parallel  to  c')  prismoid  forms  with  irregularly  developed 
edges.  A  strong  tendency  is  shown  for  the  smaller  prisms  to  grow 
end  to  end  forming  a  small  train,  and  many  of  the  prismoid  crystals  are 
little  more  than  loosely  joined  shorter  crystals  grown  end  to  end. 
This  habit  is  doubtless  due  in  part  to  the  growth  of  the  augite  along 
the  direction  of  the  perthite  intergrowth  in  the  feldspar,  and  it  thus 
also  happens  that  the  augite  crystals  have  a  parallel  orientation  over 
small  areas.  Ilmenite  or  magnetite  grains  are  commonly  present  in 
or  about  the  augite.  The  augite  throughout  shows  a  strong  tendency 
to  alter  into  a  green  or  bluish-green  hornblende  often  accompanied  by 
a  lighter  green,  micaceous  mineral  apparently  a  more  or  less  altered 
biotite.  The  alteration  appears  to  be  a  complicated  process  which 
involves  not  only  the  augite  but  the  magnetite  or  ilmenite  grains 
usually  found  with  it,  and  the  adjoining  feldspar.  The  resulting 
products  gradually  replaced  the  augite  and  spread  out  into  the  feld- 
spar particularly  along  cracks  and  crystal  boundaries.  The  horn- 
blende is  mostly  of  the  finely  prismatic,  aggregated  type,  though  some 
appears  in  the  form  of  more  massive  crystals;  the  other  principle 
product  consists  of  fibers  or  plates  or  is  closely  felted  with  a  radiate 
structure.  It  is  strongly  pleochroic  in  light  yellow  to  pale  green  tones, 
shows  a  parallel  extinction  and  a  strong  double  refraction.  It  appears 
to  be  some  form  of  biotite  with  a  chloritic  alteration.  It  often  forms 
patches  occupying  the  position  of  original  augite  and  ilmenite.  In  or 
about  these  areas  are  more  or  less  hornblende,  epidote  prisms  and  some- 
times well  formed  crystals  of  titanite.  Occasionally  these  patches  may 
be  observed  3  or  4  mm.  across,  and  these  doubtless  represent  not  only 
the  replacement  of  augite,  etc.,  but  point  to  an  accumulation  of  the 
secondary  products  about  centers  of  alteration  and  replacement.  In 
the  more  syenitic  types  of  this  rock  (Pine  Tree  Brook  area)  the  horn- 
blende has  been  recrystallized  into  good  sized  crystals  and  aggregates 
of  hornblende  which  replace  the  already  small  amount  of  groundmass 
and  enhance  the  highly  granitoid  appearance  of  this  phase  of  the  rock. 
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As  noted,  the  magnetite,  or  more  probably  ihnenite,  is  almost  always 
closely  associated  with  the  augite.  Apatite  is  quite  abundant  and  is 
found  in  or  about  the  augite  and  also  in  the  feldspar.  The  quartz  is 
mostly  confined  to  the  groimdmass  where  it  forms  extremely  irregular 
masses  moulded  in  between  the  other  minerals.  Its  amount  is  usually 
very  maall  but  in  some  of  the  less  highly  porphyritic  types  it  is  more 
abundant  and,  as  will  be  noted  later,  it  begins  to  be  more  plentiful 
both  in  the  form  of  phenocrysts  and  in  the  groundmass,  in  xenoliths 
of  the  porphyry  further  removed  from  the  contacts,  and  particularly 
in  the  xenoliths,  such  as  are  abimdantly  developed  in  the  granite  of  the 
Pine  Hill  area. 

In  some  portions  of  the  less  porphyritic  and  more  siliceous  types 
a  green  to  greenish-blue,  alkali  hornblende  makes  its  appearance, 
poikilitically  enclosing  the  groimdmass  feldspar.  In  these,  also,  the 
pyroxene  in  part  shows  by  its  green  color  the  presence  of  the  aegirite 
molecule,  and  there  is  an  obvious  passage  toward  the  more  acid  phases 
now  represented  largely  by  the  cognate  xenoliths  to  be  considered 
later. 

A  study  of  the  porphyry-slate  contact  exposed  on  the  Sawcut  Notch 
road  shows  that  the  porphyry  forms  a  chilled  contact  against  the 
slate.  The  feldspar  phenocrysts  become  somewhat  smaller  in  size 
and  less  numerous  as  the  contact  is  approached,  while  at  the  same 
time  the  groimdmass  becomes  very  fine.  The  actual  contact  seen  in 
thin  section  shows  the  two  rocks  in  sharp  contact.  The  slate  shows  a 
slightly  coarsened  grain  in  some  of  its  minerals  and  there  is  a  patchy 
development  of  biotite  plates  immediately  about  the  contact  within 
the  slate.  On  the  whole,  while  the  slate  is  hard  and  very  dense,  the 
contact  metamorphism  appears  to  have  been  relatively  slight. 

Chemical  Characters. —  The  great  variation  in  the  texture  of  this 
rock  rendered  the  selection  of  a  material  for  analysis  difficult.  Several 
specimens,  taken  from  the  old  road-metal  quarry  in  the  northern  part 
of  the  Pine  Hill  tract,  furnished  the  best  material,  although  the  altera- 
tion of  the  rock  even  here,  is  greater  than  desirable  for  chemical  study. 
The  sample  used  was  assembled  from  good  sized  fragments  broken 
from  specimens  which  represented  the  principle  variations  in  texture 
noted,  varying  from  profusely  and  coarsely  porphyritic  ones  to  those 
finer  in  grain  and  only  moderately  porphyritic.  The  analysis,  there- 
fore, is  believed  to  represent  very  fairly  the  average  composition  of 
this  differentiate  of  the  Quincy-Blue  Hill  magma.  The  average 
of  duplicate  analyses  is  given  under  column  13. 
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north  side  of  Rattlesnake  Hill)  where  apparently  again  the  magma 
had  an  opportunity  to  diflPerentiate.  They  also  appear  in  the  granite 
dikes  which  cut  the  porphyry  cover  from  the  imderlying  granite,  as 
shown  near  Slide  Notch  and  in  the  Pine  Tree  Brook  areas. 

It  is  noteworthy  that  in  the  thick  mass  of  granite-porphyry  as  ex- 
posed at  Rattlesnake  Hill,  and  generally  in  the  same  rock  which  is 
characteristic  of  the  higher  levels  of  the  contact,  that  cognate  xenoliths 
are  of  very  rare  occurrence.  The  same  is  true  of  the  fine-granite. 
Inclusions  of  the  fine  grained,  little  or  undifferentiated  contact  phases, 
as  has  been  noted  earlier,  are  abundant  at  the  contacts  and  many 
angular  masses,  undoubtedly  of  the  same  origin,  are  to  be  found  in 
many  of  the  porphyry  ledges  throughout  the  Blue  Hills  proper. 

Although  there  is  a  strong  localization  of  the  xenoliths  in  the  regions 
indicated,  they  are  also  common  throughout  the  granite  mass  as  a 
whole.  The  contrast  in  texture  and  mineral  composition  is,  to  be 
sure,  not  as  marked  in  the  latter  class  of  occurrences,  but  it  is  the  belief 
of  the  writer,  founded  on  extensive  observation  about  the  quarries, 
that  there  is  not  a  cubic  yard  of  granite  in  which  some  more  or  less 
marked  variation  in  texture  cannot  be  found  on  careful  examination. 
Single  surfaces  of  one  or  more  square  yards  may  be  obtained  which  are 
practically  free  from  noticeable  variations  in  grain,  and  many  such  are 
to  be  seen  in  the  finished  blocks  at  the  quarries,  but  a  careful  inspec- 
tion of  the  sides  and  back  of  the  blocks  will  show  one  or  more  patches 
differing  from  the  normal  more  or  less  sharply.  Quarrying  has  pene- 
trated into  the  granite  to  a  depth  of  over  300  ft.  and  the  xenoliths  are 
still  in  evidence,  although  the  writer  feels  pretty  certain  that  in  depth 
they  are  either  somewhat  less  numerous  than  higher  up,  or  at  least  they 
are  less  sharply  distinguished  in  texture. 

The  Pine  Hill  area  in  West  Quincy  offers  the  best  opportunity 
to  study  the  xenoliths  which  are  associated  with  the  deeper  contact 
zones.  The  darker  colored,  fine  grained  and  usually  porphyritic  type 
is  common  in  the  granite-porphyry  almost  up  to  the  aporhyolite 
contacts  and  is  also  found  in  the  porphyritic-granite  immediately 
underlying  it.  In  this  phase  of  the  granite  generally,  and  particularly, 
in  the  northern  part  of  the  area  in  the  immediate  neighborhood  of  the 
heavy  developments  of  the  rhombenporphyry,  this  type  of  xenolith 
is  very  abundant,  but  it  is  associated  with  types  that  are  lighter  in 
color  and  with  a  more  granitoid  groundmass  as  well  as  with  some 
which  are  feebly  or  nonporphyritic.  In  the  more  normal  granite 
which  is  exposed  over  the  eastern  and  southeastern  parts  of  this  par- 
ticular area  but  which  is  always  prone  to  pass  into  the  porphyritic 
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granite,  and  doubtless  underlies  it  everywhere  by  only  a  few  feet  or 
yards,  the  xenoUths  are  relatively  abundant,  so  much  so  in  fact,  that 
all  attempts  to  use  the  stone  commercially  have  been  unsuccessful. 

At  a  point  a  few  hundred  feet  west  of  Willard  Street,  northwest  of 
Pine  Hill  (see  special  map),  several  good  sized  masses  of  the  rhomben- 
porphyry  occur  included  in  the  granite,  and  with  them  are  smaller 
masses  grading  down  to  those  only  a  few  inches  across.  These  mega- 
scopically  and  microscopically  differ  in  no  essential  particular  from  the 
less  highly  porphyritic  phase  of  the  type  rhombenporphyry,  previously 
described,  except  that  they  show  a  small  development  of  an  alkali- 
hornblende  poikilitically*  enclosing  the  groimdmass  feldspar,  and  in 
this  respect  show  a  gradation  toward  the  granite-porphyry.  Again  on 
the  eastern  side  of  the  area,  beside  the  railroad  track,  is  a  beautifully 
glaciated  ledge  where  is  to  be  seen  the  finest  exposure  of  xenoliths 
anywhere  in  the  entire  field.  The  granite  is  here  of  the  porphy- 
ritic type  and  is  literally  packed  with  xenoliths,  chiefly  of  the  dark, 
fine  grained  porphjTitic  type,  and  it  is  here  that  they  can  be  studied 
to  the  best  advantage.  In  size  they  vary  from  tiny  patches  consisting 
sometimes  of  a  single  feldspar  phenocryst,  surrounded  by  a  few  milli- 
meters of  dark  groundmass,  to  masses  two  to  four  feet  in  length  by 
usually  I  to  J  as  much  in  width.  Their  shape  varies  greatly :  —  sub- 
angular,  round,  lenticular,  illiptical,  greatly  elongated  with  rounded 
ends  and  straight  or  gently  curved  sides,  one  side  curved  and  the  other 
irregular  or  deeply  embayed  by  prongs  of  granite,  or  entirely  irregular 
and  invaded  by  tongues  of  granite.  With  the  darker,  are  many  lighter 
colored  xenoliths,  porphyritic,  but  with  a  more  finely  granitoid  ground- 
mass,  in  some  cases  conspicuously  sprinkled  with  minute  hornblende 
grains.  These  form  separate  masses  and  also  sharply  separated  zones 
surrounding  the  darker  xenoliths,  or  attached  to  them  on  one  or  two 
sides.  iVn  occasional  mass  of  fine  granite,  of  the  same  type  as  that 
found  as  larger  masses  only  a  short  distance  away,  may  also  be 
found.  The  contacts  of  all  of  the  xenoliths  with  the  granite  are  sharp 
though  perfectly  sealed.  There  is  no  evidence  of  textural  blending  nor 
are  there  any  reaction  rims.  The  contacts  of  the  lighter  colored  and 
more  granular  xenoliths,  while  likewise  sharp,  are  naturally  not  so 
strongly  marked  to  the  eye  as  in  the  case  of  their  darker  companions. 
Examination  with  a  lense  shows  that  the  contact  is  not,  however,  a 
simple  line,  but  is  indented  by  grains  of  the  surrounding  material  and 
sometimes  by  small  apophyses. 

The  darker  xenoliths  are  here  again  strikingly  similar  in  appearance 
to  certain  phases  of  the  rhombenporphyry,  and  are  composed  of  a  very 
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fine  dark  green  to  almost  black  groundmass,  in  which  is  enclosed 
acutely  terminated  and  often  composite  phenocrysts  of  feldspar. 
In  some,  the  phenocrysts  are  relatively  few,  in  others  they  are  very 
nimierous.  In  some  of  the  xenoliths,  quartz  crystals  are  sparingly 
developed,  and  these  are  always  characterized  by  a  halo  of  dark  mineral 
grains  (usually  hornblende)  about  them.  Rarely  small  patches  of 
hornblende  or  pyroxene  may  be  seen.  In  very  fresh  specimens  the 
feldspar  phenocrysts  are  almost  colorless  and  often  show  a  fine  cha- 
toyancy.  On  weathering  the  feldspars  whiten  and  the  groundmass 
becomes  dull  black  and  less  clearly  crystalline.. 

Microscopic  characters  of  the  Xenoliths  of  the  Contact  Zones. —  The 
close  resemblance  to  the  rhombenporph>Ty  is  quite  as  obvious  micro- 
scopically as  megascopically.  The  feldspar  has  precisely  the  same 
characteristics,  even  to  the  sharply  marked  rim  of  groundmass  age, 
including  prismoids  and  grains  of  pyroxene  arranged  parallel  to  the 
direction  of  perthitic  intergrowth.  The  feldspar  of  the  groundmass 
is  also  the  same.  The  same  phenocrysts  of  pale  brown  augite  occur 
but  these  show  a  strong  tendency  to  pass  into  a  green  variety,  partif;- 
ularly  about  the  margins.  The  pyroxene  of  the  groundmass  has 
about  the  same  habit  as  that  in  the  rhombenporphyry  but  is  of  a 
light  to  rather  strong  green  color  often,  with  a  weak  pleochrism.  Its 
double-refraction  is  low,  not  exceeding  that  of  ordinary  augite,  and  its 
optical  properties  otherwise  seem  to  be  those  of  augite,  but  it  probably 
contains  some  admixture  of  the  aegirite  molecule.  Considerable 
hornblende  is  also  frequently  present  in  the  groundmass.  It  occurs  in 
part  as  a  later  growth  on  the  augite,  either  in  the  form  of  minute  prisms 
or  needles,  or  in  a  more  massive  form,  and  in  part  with  a  poikilitic 
habit  enclosing  the  groundmass  feldspar.  Strongly  pleochroic;  a,  pale 
greenish-yellow  or  brown;  /9,  very  dark  green;  7,  deep  olive-green;  7 
makes  an  angle  of  as  high  as  33  degrees  on  c',  it  appears  to  be  an  alkali 
hornblende  near  catoforite.  Biotite  occurs  as  a  finely  foliated  altera- 
tion product  of  the  augite  and  ilmenite  or  magnetite.  The  latter  is 
abundant  in,  and  associated  with,  the  augite  and  also  scattered  through 
the  rock.  Magnetite  forms  grains  and  sharply  bounded  octahedra 
and  may  be  in  part  secondary,  since  it  has  been  noticed  that  in  the 
rocks  of  this  area  the  magnetite  of  secondary  formation  is  apt  to  form 
sharply  bounded  crystals.  Apatite  is  present.  Most  of  the  xeno- 
liths show  considerable  alteration  resulting  in  the  presence  of  calcite, 
kaolin  and  ferruginous  matter. 

The  darker  type  of  xenoliths  pass  on  the  one  hand  through  all 
gradations  into  a  type  lighter  in  color  —  greyish  green  —  and  with  a 
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more  distinctly  crystalline  groundmass  and,  on  the  other,  there  are 
gradations  into  fine  grained  t}T)es  with  few  or  no  feldspar  phenocrysts. 
So  varied,  in  fact,  are  these  xenoliths  that  detailed  description  is  out 
of  the  question  and  only  certain  significant  features  can  be  not^. 
Where  feldspar  phenocrysts  occur  they  are  always  characterized  by 
a  central  core  of  more  or  less  acute  habit  about  which  is  a  later  rim 
usually,  if  not  always,  showing  inclusions  of  the  groundmass  grains. 
In  the  more  basic  xenoliths  the  core  is  in  part,  if  not  entirely,  homo- 
geneous, or  it  is  finely  cryptoperthitic;  in  the  more  acid  types  the 
core  is  more  distinctly  perthitic,  often  wholly  so.  The  quartz  pheno- 
crysts, which  occur  sparingly  in  the  darker  types,  are  always  marked 
by  a  more  or  less  strongh^  developed  rim  of  pyroxene  or  hornblende; 
in  the  lighter  colored  and  more  siliceous  types  the  quartz  is  more 
abundant  and  the  margin  of  dark  silicates  is  less  marked  or  nearly 
wanting.  In  the  more  acid  types,  while  some  augite  is  present,  it 
shows  a  tendency  to  pass  into  a  green  variety,  and  most  of  the  p>To- 
xene  is  distinctly  green,  slightly  pleochroic,  and  seems  to  be  an  aegi- 
rine-Bearing  augite  probably  near  augite,  since  the  double-refraction  is 
always  much  too  low  for  true  aegirincraugite.  It  is  of  earlier  age 
than  the  hornblende,  which  in  this  type  becomes  rather  abundant  and 
grows  about  the  p>Toxene  in  part,  and  in  part,  occurs  separately, 
enclosing  poikolitically  the  feldspar  of  the  groundmass.  Most  of  the 
hornblende  appears  to  be  related  to  the  catoforites  although  it  is  in 
part  riebeckitic,  particularly  about  the  margins.  The  latter  is  also 
disseminated  as  shreds  and  fibers  through  the  rock.  Magnetite  is 
an  abundant  alteration  product,  accompanied  by  some  biotite.  It 
may  be  noted  here  that  some  xenoliths  occur  in  which  little  or  no 
pyroxene  is  present,  its  place  being  taken  by  hornblende,  apparently 
original,  although  it  is  true  that  all  the  xenoliths  of  this  type  that 
have  come  under  the  writer's  observation  are  quite  heavily  altered, 
and  it  is  possible  that  a  part  of  the  hornblende  may  be  secondary 
after  pyroxene.  Apatite  is  common  in  the  more  basic  types,  less  com- 
mon in  the  others.  Titanite  is  present  in  all,  forming  irregular  masses 
sometimes  associated  with  the  hornblende,  but  it  often  lies  between 
or  wrapped  about  the  groundmass  feldspar  and  is  believed  to  be 
wholly  of  secondary  origin. 

In  the  acid  t>T)es  fluorite  is  present  in  small  grains  with  the  dark 
minerals  and  also,  like  the  titanite,  wrapped  about  the  feldspar.  A 
little  zircon  is  also  present.  In  most  of  the  xenoliths  examined, 
alteration  has  produced  considerable  calcite,  kaolin  and  other 
products. 


Digitized  by 


GooglQ 


WARREN. —  ALKALI-GRANITES   AND   PORPHYRIES.  277 

The  xenoliths  of  the  fine-granite  type  show  little  evidence  of  grada- 
tion into  the  other  t\T)es,  in  this  respect  resembling  the  fine-granite 
masses  in  the  immediate  vicinity  from  which  they  are  thought  to  have 
been  derived. 

The  xenoliths  found  in  the  Pine  Tree  Brook  Reservation,  and  in  the 
immediate  vicinity,  are  essentially  of  the  same  character  as  those 
already  described.  When  we  come  to  consider  the  xenoliths  found  in 
the  granite  of  Rattlesnake  Hill  just  underneath  the  thick  mass  of 
granite-porph>Ty  which  there  covers  it,  we  find  much  the  same 
characters  but  with  certain  differences.  In  the  first  place,  the  acute 
habit  of  the  feldspar  phenocrysts  is  not  noted  to  the  same  extent  as  in 
the  Pine  Hill  tract,  and  while  there  is  a  just  as  sharply  marked  cessa- 
tion of  the  phenocrystalline  period  of  growth,  the  inner  core  of  feldspar 
is  usually  almost,  if  not  quite,  as  distinctly  microperthitic  as  the 
feldspar  of  the  groundmass  and  often  almost  as  coarse  as  that  of  the 
surrounding  granite.  The  hornblende  seems  more  highly  poikilitic 
resembling  more  nearly  some  of  the  hornblende  in  certain  phases  of 
the  overlying  porphyry.  Occasional  grains  of  aenigmatite  are  also 
present  with  the  dark  minerals,  and  this  mineral  is  also  found  in  the 
porphyry  above  and  in  the  granite.  In  the  more  siliceous  .xenoliths, 
round  quartz  grains  make  their  appearance  in  the  groundmass  rims 
of  the  feldspar  phenocrysts,  and  the  quartz  of  the  groundmass  has  also 
a  distinctly  rounded  habit  or  is  even  poikilitically  enclosed  in  the 
feldspar,  a  relation  that  is  also  observed  in  the  granite-porphyry  above. 
The  many  dark  greenish-black  or  greenish-grey,  fine-grained  and  non- 
porphyritic  xenoliths  which  occur  here  contain  abundant  aegirine- 
augite  and.  aegirite,  together  with  hornblende,  and  although  of  much 
finer  grain,  are  texturally  much  the  same  as  the  surrounding  granite. 
Occasionally  these  show  a  feeble  banding  as  if  they  haa  been  drawn 
out  during  inclusion  in  the  granite. 

In  general  it  may  be  said  of  the  xenoliths  which  occur  near  the 
contacts,  that  they  partake  to  a  striking  degree  of  the  mineralogical 
and  textural  characteristics  of  the  contact  facies  of  the  magma  which 
are  developed  en  Tnasse  in  their  immediate  neighborhood.  Though  their 
margins  are  moulded,  and  more  or  less  invaded  by  the  enclosing  rock, 
the  actual  contacts  are  sharp  and  there  is  no  evidence  of  reaction  be- 
tween them,  nor  of  any  notable  transfer  of  material  from  the  enclosing 
magma  to  the  xenolith.  Their  probable  mode  of  origin  as  well  as  that 
of  the  xenoliths  of  the  normal  granite  will  be  considered  later,  when 
the  general  process  of  crystallization,  etc.,  of  the  magma  is  taken  up. 

Microscopic  characters  of  the  Xenoliths  of  the  Normal  Granite. —  The 
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more  aegirite.  The  phenocrysts  of  feldspar  when  present  —  which 
is  usually  the  case  —  consist  of  a  fine  microperthite.  and  show,  as  in 
all  of  the  xenoliths  previously  described,  an  inner  core  about  which  is  a 
later  margin  enclosing  few  to  many  grains  of  the  dark  minerals  or 
quartz.  Here,  however,  the  texture  of  the  core  is  about  the  same  as 
that  of  the  rim.  The  feldspar  and  quartz  of  the  groundmass  are 
sometimes  entirely  xenomorphic,  in  other  instances  the  feldspar  is 
quite  rectangular  in  outline,  in  others  the  quartz  is  characterized  by  a 
distinctly  round  habit  and  then  is  apt  to  be  poikilitically  enclosed  in 
the  feldspar.  The  pyroxene  forms  irregular  elongated  prismoids 
lying  between  the  feldspar  and  quartz,  also  commonly  enclosing  the 
feldspar.  The  hornblende  is  wrapped  about  the  feldspars,  often  form- 
ing poikilitic  groups  of  some  size.  Slender  shreds  and  fibers  of  blue, 
secondary  hornblende  may  be  abundantly  distributed  through  the 
rock.  Accessory  minerals  are  as  usual,  although,  as  in  the  case  of 
type  (2),  fluorite,  zircon  and  titanite  may  be  locally  abundant  closely 
associated  with  the  quartz  and  often  wrapped  about  the  feldspar  in 
very  irregular  masses.  This  suggests  a  later  introduction  of  these 
constituents.  In  certain  of  these  xenoliths  the  pyroxene  shows  a 
peculiar  alteration  and  replacement.  The  centers  of  the  majority  of 
the  pyroxene  crystals  are  replaced,  sometimes  by  a  material  which 
appears  to  be  siderite,  sometimes  by  a  fibrous  or  foliated  material  of 
medium,  mean  refraction  and  high  double-refraction,  probably  mus- 
covite,  but  usually  by  both  materials  present  in  varying  amount. 
Minute  grains  of  magnetite  and  sometimes  fluorite  are  associated  with 
these.  Decomposition  of  the  siderite  develops  a  yellow  stain,  and  this 
can  be  seen  in  the  hand  specimen  and  is  believed  to  account  largely 
for  the  yellowish  color  of  so  many  of  the  fine-grained  xenoliths  particu- 
larly of  type  (3).  The  replacement  of  the  center  of  the  pyroxene 
seems  to  have  been  accompanied  by  more  or  less  recrystallization  of 
the  marginal  parts  which  as  a  rule  are  granular  and  very  irregular. 
Material  from  these  has  spread  out  into  the  surrounding  microper- 
thite, particularly  along  the  lamellae  of  the  potash  member.  The 
remaining  pyroxene  is  in  part  aegirine-augite,  though  outwardly  it 
appears  to  be  aegirite.  As  augite  is  abundantly  present  in  so  many 
of  the  xenoliths  of  the  contact  types  it  is  not  improbable  that  the  cen- 
tral parts  of  the  pyroxene  in  these  cases  was  augite,  and  that  it  has 
been  decomposed  and  replaced  by  processes  perhaps  connected  with 
pneumatolytic  activities  in  the  enclosing  granite. 

Microscopic  study  of  the  xenoliths  of  type  (2)  show  that  they  are 
uniformly  more  quartzose  and  richer  in  aegirite  than  the  others.     In 
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the  finer  grained  xenoliths  the  grain  is  quite  uniform  and  will  average 
under  a  millimeter;  in  the  coarser,  the  grain  may  average  from  one  to 
three  millimeters  or  about  the  same  as  that  of  the  fine-granite  so 
abundantly  developed  in  the  eastern  part  of  the  area.  The  general 
texture  of  this  type  is  granitic,  with  a  feeble  and  usually  irregular 
porphyritic  tendency.  The  phenocrysts  of  feldspar,  sometimes  with 
quartz,  may  be  clustered  in  patches  of  coarser  granitic  habit.  Some 
trace  of  an  inner  core  of  distinct  form  may  be  seen  in  at  least  some  of 
the  feldspar  phenocrysts,  even  in  the  coarsest  grained  types,  but  the 
phenomenon  is  more  distinct  in  the  finer  grained  ones.  The  feldspar 
in  many  of  the  xenoliths  is  precisely  similar  to  that  of  the  granite 
outside,  except  in  size.  In  others  there  is  a  more  distinct  separation 
of  the  microcline  and  albite.  Sometimes  separate  crystals  of  almost 
pure  microcline  and  albite  may  be  seen;  but  generally  the  two  are 
intergrown,  the  microcline  forming  relatively  good  sized  patches 
surrounded  by  finely  twinned  albite  which  determines  the  outlines  of 
the  crystal.  The  quartz  is  highly  xenomorphic  in  some,  in  others  it  is 
rounded  in  outline  and  may  be  inclosed  in  the  feldspar. 

The  pyroxene  is  aegirite.  It  is  in  part  massive,  of  the  same  charac- 
ter as  that  of  the  granite,  and  is  to  some  extent  intergrown  with  rie- 
beckite.  The  larger  massive  grains  lie  about  the  feldspar,  sometimes 
enclosing  them.  Much  of  the  aegirite  is  found  lying  between  the 
feldspar  crystals  and  penetrates  quite  deeply  into  their  margins.  In 
such  instances  it  is  of  very  irregular  habit  often  being  little  more  than 
a  skeleton  of  loosely  joined  grains  and  minute  prismoids  tending  to 
form  a  single  elongated  crystal.  Sections  cut  through  these  irregular 
aegirites  where  they  penetrate  into  the  feldspar  give  the  impression  of 
a  "spatter''  of  aegirite  grains  enclosed  in  the  middle  of  a  feldspar 
crystal.  Aegirite  in  the  form  of  small  microlites  together  with  shreds 
and  fibers  of  blue  hornblende  are  scattered  through  the  feldspar  gen- 
erally. In  some  of  the  xenoliths,  fluorite  is  not  only  present  in  the 
form  of  minute  grains  in  the  aegirite  (as  in  the  granite)  but  it  also 
forms  masses  of  considerable  extent  replacing  the  quartz.  Occurring 
with  it  and  of  the  same  habit,  is  zircon.  These  minerals  are  both 
probably  of  pneumatolytic  origin.  Titanite  is  also  present  in  formless 
grains  and  is  perhaps  of  similar  origin  with  the  zircon. 

Other  incltisions  in  the  Granite-Porphyry,  The  rarity  of  cognate 
xenoliths  in  the  granite-porphyry  of  the  Rattlesnake  Hill  type  has 
been  noted;  also  the  occmrence  in  some  parts  of  the  porphyry,  of 
very  fine  grained,  angular  fragments.  These  are  perhaps  best  exposed 
for  study  in  the  vicinity  of  Scamaug  Notch,  and  in  many  of  the 
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smooth  glaciated  ledges  which  form  Kitchimakin  Hill.  They  vary 
in  size  from  small  fragments  an  inch  or  two  across  to  those  measuring 
upwards  of  a  foot  on  a  side.  In  color,  when  not  oxidized,  they  are  of 
a  light  to  medium  gray  or  bluish-gray.  They  are  feebly  porphyritic 
containing  a  few  small  phenocrysts  of  feldspar  (rarely  quartz)  up  to 
two  millimeters  in  length.  Microscopically  they  are  found  to  consist 
of  the  same  feldspar  as  the  enclosing  porphyry,  quartz  and  riebeckite, 
magnetite  and  alteration  products.  The  riebeckite  is  partly  in  the 
form  of  abundant  small  prismatic  or  flaky  aggregates  enclosing  the 
groundmass  minerals  and  in  part  in  the  form  of  tiny  shreds  and  fibers. 
The  quartz  and  feldspar  are  xenomorphic  and  somewhat  variable  in 
grain.  The  feldspar  phenocrysts  are  often  broken,  as  are  the  few 
quartz  phenocrysts  that  have  been  noted  in  these  inclusions.  These 
inclusions  resemble  most  nearly  some  of  the  fine-grained  contact 
phases  of  the  porphyry  and  doubtless  are  derived  from  such  a  source, 
having  been  broken  off  and  included  in  the  still  fluid  mass  benedth 
the  contacts,  and  then  sunk,  or  were  carried  away,  from  their  original 
place  of  formation. 

Chemical  characters. —  Analyses  of  a  number  of  the  various  types 
of  xenoliths  described  would  doubtless  yield  interesting  results.  The 
writer  has,  however,  confined  himself,  to  two  types,  partly  on  account 
of  the  labgr  involved  and  partly  because  it  is  believed  that  the  micro- 
scopic evidence  is  sufficient  to  show  the  connection  chemically  and 
texturally  between  the  various  types.  The  two  types  chosen  are 
extreme  ones.  One  is  a  rhombenporphyry  type  resembling  mega- 
scopically  very  closely  the  moderately  porphyritic  type  of  the  rhomben- 
porphyry, and  came  from  a  recently  quarried  block  of  granite  from  the 
northern  part  of  the  Pine  Hill  Tract  not  far  south  of  the  type  locality 
for  the  rhombenporph>Ty.  The  microscope  showed  that  the  feldspar 
was  the  same  as  in  the  type  rhombenporphyry;  quartz  is  lacking 
almost  entirely;  augite  is  present  but  is  much  less  abundant  than  a 
green,  feebly  pleochroic  soda-iron  type;  soda  hornblende  of  the  green 
and  blue  types  is  present,  and  some  black  oxide  minerals;  some 
secondary  biotite  and  other  alteration  materials  are  also  present. 
The  second  chosen  was  a  fine  granite  type  of  xenolith,  the  most  quart- 
zose  and  aegiritic  found,  and  was  taken  from  the  granite  of  the  Hard- 
wick  Quarry,  Quincy.  The  results  of  duplicate  analyses  follow  on  p. 
282. 

In  comparison  with  the  chemical  composition  of  the  t^'pe  rhomben- 
porphyry the  xenolith  is  slightly  higher  in  silica,  also  in  total  iron 
oxides,  and  the  ferric  iron  is  proportionally  higher  as  might  be  expected 
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16.  Rhombenporphyry  xenolith,   from  granite,   northern  part  of    Pine 
Hill,  West  Quincy,  Mass.     Analyst,  C.  H.  Warren. 

15.     Rhombenporphyry, —  Pine  Hill,  Mass.     Analyst  C.  H.  W^arren. 

17.  Fine-granite  type  of  xenolith,  most  quartoze  type,  Hardwick  Quarry, 
Quincy,  Mass.     Analyst,  C.  H.  Warren. 

3.     Granite  from  Hardwick  Quarry.     Analyst,  H.  S.  Washington. 

from  the  greater  amount  of  pyroxene  and  hornblende  and  the  presence 
of  the  NacFeo"  Si40i2  molecule;  AI2O3  is  lower.  Soda  is  here  con- 
siderably in  excess  of  the  potash  for  the  same  reason.  Lime  is  lower, 
though  still  relatively  high  for  the  Quincy  rocks  owing  to  the  presence 
of  the  lime  and  ferrous-iron  rich,  augite.  If  we  attempt  to  calculate 
the  mineral  composition  for  the  groups, —  feldspars,  p^Toxenes  + 
hornblende,  and  accessories, —  on  the  assumption  that  the  proportions 
of  potash  feldspar  to  Ab  +  An  is  the  same  as  in  the  rhombenporphyry 
(No.  15)  it  becomes  at  once  apparent  that  much  too  great  an  amount 
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of  alumina  will  then  fall  to  the  pyroxene  and  hornblende  to  agree  with 
the  general  alumina-poor  character  of  these  minerals  in  the  Quincy 
magma;  also  considerable  free  quartz  would  result,  whereas  little  is 
really  present.  It,  therefore,  appears  that  albite  is  considerably 
more  abundant,  in  the  groundmass,  than  in  the  rhombenporphyry 
(and  this  agrees  with  microscopic  observations  so  far  as  it  is  possible 
to  judge  in  so  fine-grained  a  rock).  Working  on  the  assumption,  that 
with  the  exception  of  some  soda  combined  with  the  ferric  iron,  this 
oxide  goes  into  albite,  we  may  venture  a  very  rough  approximation 
of  the  mineral  composition  as  follows:  — 

Feldspars  65 . 0 

Pyroxene,  Hornblendes,  etc.  30.0 

Accessories  5 . 0 

100.00 
Although  less  feldspathic  and  richer  in  pyroxene,  etc.  than  the  average 
of  the  rhombenporphyry,  the  xenolith  is  more  siliceous  owing  to  the 
greater  amount  of  siHca  called  for  by  the  albite  and  by  the  soda- 
pyroxenes  and  hornblendes. 

It  is  easy  to  trace  with  the  microscope  the  gradual  change  from  the 
moderately  porphyritic  type  of  rhombenporphyry,  which  is  developed 
in  the  larger  masses  near  the  slate,  with  only  the  colorless  or  pale 
brown  augite,  through  types,  occurring  as  smaller  masses  down  to 
those  comparable  in  size  with  the  average  xenolith,  in  which  pyroxene 
of  the  green,  sodic  type  becomes  more  and  more  abundant,  in  which 
sodic-hornblende  becomes  also  gradually  more  abundant  and  in  which 
quartz  may  appear  sporadically,  to  a  type  like  the  one  analyzed. 
From  this  we  pass  with  increase  of  silica,  decrease  of  iron  and  lime, 
into  types  which  resemble  closely  some  phases  of  the  granite  por- 
phyry of  the  lower  and  thinner  contact  zones. 

Turning  now  to  the  quartzose  and  aegirite  rich  xenoliths  we  may 
note  that  in  contrast  with  its  enclosing  granite  (No.  3)  that  it  is  lower 
in  silica,  and  that  the  iron  is  lower  and  nearly  all  ferric,  as  would  be 
expected  from  the  presence  of  aegirite  alone  without  the  ferrous-iron 
bearing  hornblendes  found  in  the  granite. 

The  more  siliceous,  finely  granitic  and  slightly  or  non-porphyritic 
xenoliths  are  often  almost  the  exact  counterparts  of  some  of  the  fine- 
granite  of  the  contact  zones,  others  seem  to  depart  somewhat  from  this 
type.  But  as  has  been  pointed  out,  the  fine-granite  from  different 
localities  (different  parts  of  the  contact  zone)  varies  somewhat  in  com- 
position, and  it  is  probably  true  that  there  is  a  close  resemblance 
between  the  members  of  these  types  and  the  various  fine-granites  of 
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the  contact  zone.  For  example,  while  the  xenolith  analyzed  (17) 
differs  sharply  from  the  fine-granite  of  the  Ruggles  Creek  type  in 
having  aegirite  instead  of  riebeckite,  it  does  bear  a  very  close  resem- 
blance in  this  respect,  as  well  as  others,  to  the  fine-granite  and  granite- 
porphjTy  covering  the  coarse  granite  with  its  pegmatite  dikes  on  the 
knoll  just  east  of  the  R.  R.  track,  N.  E.  of  the  Pine  Hill  area.  If  we 
disregard  minor  variations,  the  resemblances,  of  the  porphyritic 
xenoliths  to  the  rhombenporphyry  and  to  various  phases  of  the  granite- 
and  quartz-feldspar-porphyry  characteristic  of  different  parts  of  the 
contact  zone  on  the  one  hand,  and  that  of  the  finely  granitic  feebly- 
or  non-porphyritic  xenoliths  to  the  fine-granites  on  the  other  hand, 
are  striking  and  have  an  important  bearing  on  the  origin  of  the  xeno- 
liths as  a  whole. 

The  Aporhyolite. 

Distribution. —  This  rock  has  a  relatively  large  development  in  the 
area.  It  occurs  in  at  least  three  separate  masses  (see  general  map), 
which  collectively  cover  several  square  miles.  The  first  and  largest 
occupies  the  southwestern  part  of  the  Pine  Hill  tract,  and  may  be 
connected  with  the  large  area  of  aporhyolite  which  occurs  within  the 
Blue  Hill  Reservation  lying  to  the  south  of  Rattlesnake  Hill,  extending 
southward  to  the  borders  of  the  Reservation  where  it  is  lost  beneath 
the  great  swamp  in  northern  Braintree.  According  to  Professor 
Crosby  it  again  appears  at  one  point  beyond  the  southern  border  of 
the  swamp.  The  area  covered  by  this  occurrence  is  certainly  not  less 
than  two  square  miles.  The  second  mass  in  size  is  that  found  lying  to 
the  north  and  northwest  of  Fox  Hill.  The  third  is  a  relatively  smaller 
mass  occupying  a  portion  of  the  top  of  Hemingway  Hill. 

The  Pine  Hill  aporhyolite  (see  special  map)  begins  a  few  hundred 
feet  east  of  the  summit  of  the  hill.  It  here  forms  a  nearly  north-south 
contact  with  the  porphyry  phase  of  the  granite  intrusion  for  about  fifty 
feet.  The  supposed  apophysis  of  aporhyolite  described  by  Crosby 
as  cutting  across  the  contact-porphyry  at  this  point,  appears  on 
microscopic  study  to  be  in  reality  only  the  very  fine  (felsitic),  extreme 
contact  phase  of  the  porph\Ty,  the  contact  here  being  irregular  in 
direction  for  several  feet.  From  the  north-south  contact  just  referred 
to,  the  aporhyolite  mass  extends  to  the  west,  and  broadening  out,  one 
contact  runs  in  a  west-southwesterly  direction  for  a  few  hundred  feet 
when  it  is  entirely  lost  beneath  a  heavy  mantle  of  drift,  but  ledges  of 
the  rock  extend  continuously  nearly  to  Willard  Street.     The  other, 
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and  northern  contact,  is  beautifully  exposed  and  runs  in  a  nearly  east- 
west  direction  to  a  point  a  little  northeast  of  the  summit.  Up  to  this 
point,  as  along  the  southern  contact,  aporhyolite  is  continuously 
bordered  by  the  coarsely  porphyritic  and  relatively  thin  zone  of 
quartz-feldspar-  and  granite-porphyry  (with  xenoliths  of  rhomben- 
porph^Ty  type)  earlier  described  in  detail  as  characteristic  of  the 
deeper  contact  levels.  The  immediate  contact  of  the  two  is  often 
very  difficult  to  make  out  and  thin  sections  are  often  required  to  really 
certainly  distinguish  the  two  rocks  at  the  contact.  As  noted,  the  por- 
phyry, is  at  the  immediate  contact,  very  dense  and  feebly  porphyritic' 
besides  being  characterized  by  breccia  and  flow  structures  and  gives 
on  megascopic  examination  alone,  the  impression  that  it  belongs 
rather  to  the  aporhyolite  than  to  the  porphyry.  As  can  be  seen  by 
referring  to  the  special  map  of  this  area,  the  trend  of  the  contact  at  a 
point  northeast  of  the  summit  is  irregular,  and  finally  takes  a  sharp 
turn  to  the  southwest  running  along  the  western  base  of  the  hill. 
The  contour  of  this  mass  is  clearly  most  iiregular.  The  contact  is 
usually  steeply  inclined  so  far  as  can  be  told.  At  one  point  near  the 
extreme  eastern  end  of  the  mass  it  is  clearly  exposed  on  a  steep  cliff 
marking  the  western  wall  of  a  small  valley,  and  the  contact  porphyry 
can  here  be  seen  undercutting  the  aporhyolite  with  a  dip  to  the  south 
of  about  45  degrees. 

Whether  the  aporhyolite  on  Pine  Hill  is  actually  connected  with 
that  within  the  reservation  to  the  west  cannot  be  told,  owing  to  the 
rather  deep,  drift  filled  valley  that  intervenes.  It  is  probable,  as 
suggested  by  Crosby  that  this  valley  was  once  occupied,  in  large  part 
at  least,  by  slate  which  was  eroded  away  much  more  easily  than  the 
igneous  rocks.  Contact  with  the  porphyry  is  found  again  south  of 
Rattlesnake  Hill  and  can  be  traced  in  a  westerly  direction  acro^  the 
northern  slopes  of  Wampatuck  Hill,  thence  in  a  gentle  ciu've  around 
the  western  top  of  this  hill  and  back  along  its  steep  southern  face. 
South  of  this  last  line  of  contact,  on  the  low  prominent  ledges  lying 
immediately  south  of  the  main  hill,  granite  porphyry  appears  again 
and  extends  nearly  to  the  road  where  it  is  in  contact  with  the  aporhyo- 
lite again.  The  low,  rounded  knolls  that  occur  directly  south  and 
southeast  of  the  road  at  this  point,  consist  in  part  of  quartz-feldspar 
porphyry  or  granite-porphyry,  and  in  part  of  aporhyolite  with  char- 
acteristic contacts  exposed  in  several  places.  These  are  the  "is- 
lands of  quartz-porph>Ty"  referred  to  by  Professor  Crosby  in  his 
report.  Beyond  these  "  islands  "  to  the  south,  the  aporhyolite,  so  far 
as  can  be  determined,  extends  continuously  to  the  borders  of  the  Blue 
Hill  Reservation  and  probably  beyond. 
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The  second,  and  next  most  important  occurrence  begins,  as  can  be 
seen  from  the  general  map,  at  a  point  a  little  north  of  Fox  Hill  and  runs 
in  a  southwesterly  direction  with  a  \**idth  of  at  least  500  feet  for  one- 
half  mile,  or  as  far  as  Cedar  Rock.  Beyond  this  point  a  heavy  mantle 
of  drift  makes  it  impossible  to  say  positively  whether  it  extends 
further  in  this  direction  or  not,  but  it  probably  does,  since  as  Professor 
Crosby  has  pjointed  out,  outcrops  of  the  same  rock  occur  further  west 
beyond  Randolph  Avenue.  The  southern  and  more  elevated  contact 
\*ith  the  porph^Ty  is  exposed  at  several  points  and  it  appears  to  be  a 
nearly  straight  line  with  minor  irregularities.  The  northern  contact 
is  unfortunately  unsatisfactory.  At  one  point  Professor  Crosby 
states  that  it  is  in  igneous  contact  with  slate,  but  the  extremely  altered 
condition  of  the  exposures  renders  their  study  of  little  value.  The 
changes  in  the  porphyry  along  the  southern  contact  are,  as  has  been 
noted  earlier,  more  suggestive  of  the  contacts  exposed  at  the  eastern 
end  of  the  Pine  Hill  mass  than  that  about  Wampatuck  Hill,  although 
the  coarsening  of  the  porph>Ty  is  not  so  marked.  As  the  granite  is 
exposed  only  a  very  short  distance  north  of  what  must  be  the  northern 
contact  of  the  aporhyolite  near  its  eastern  end,  the  intervening 
porph>Ty  zone  must  be  a  thin  one.  PVom  these  facts,  and  from  the 
generally  massive  character  of  this  mass  of  aporhyolite,  it  is  thought 
that  the  southern  and  more  elevated  contact  represents  a  deeper  zone 
than  that  exposed  about  Wampatuck,  but  more  elevated  than  that  on 
the  eastern  side  of  Pine  Hill ;  and  also  that  if  the  contact  was  exposed 
along  the  northern  side  it  would  be  like  that  east  of  Pine  Hill,  just  as 
in  the  adjoining  Pine  Tree  Brook  area  the  slate  contacts  are  the  same 
in  character  as  those  in  the  northern  part  of  the  Pine  Hill  tract,  \'iz., 
of  the  deeper  level  type. 

Thf  third  mass  of  aporhyolite  occupies  the  northern  top  of  Heming- 
way Hill,  as  shown  on  the  map.  It  is  an  elongated  mass  of  no  great 
width  and  shows  the  same  contact  phenomena  with  the  porph^Ty  as 
those  found  about  Wampatuck  Hill,  except  that  there  is  perhaps 
rather  more  hrecdation  of  the  porph>Ty,  particularly  near  the  north- 
em  end  of  the  hill.  A  marked  flow  structure  w4th  taxitic  structure 
characterizes  a  part  of  the  exposed  portions  and  the  rock  generally 
appears  like  that  on  Wampatuck  and  Pine  Hill. 

Megascopic  characters. —  The  prevailing  color  of  the  aporhyolite  is  a 
dark  reddish-brown  or  purple.  Locally,  where  it  has  suffered  from 
strong  surface  weathering,  it  becomes  whitish  with  brown  rust  spots. 
In  places  it  is  an  almost  perfectly  dense,  structureless  rock  though  it 
usually  shows  a  few  small  rectangular  feldspar  phenocrysts  and  less 
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are  common.  They  may  be  scattered  through  the  mass  or  they  may 
make  up  almost  the  entire  field,  again  they  are  arranged  in  bands. 
The  sphenilites  contain  abundant  grains  of  hematite  or  magnetite, 
or  both,  arranged  parallel  to  the  radiation,  and  the  same  minerak  are 
often  thickly  clustered  about  the  margins  of  the  spherulite.  In 
plane  light  one  can  detect  the  presence  of  a  spherulite  by  means  of 
these  little  rayed  clusters  of  iron-oxide  grains.  Again  the  rock  may 
be  largely  made  up  of  alternating  bands  of  a  fine  irregular  mixture  of 
the  quartz  and  feldspar  and  of  a  material  similar  in  structure  to  the 
segments  of  the  sphenilites.  The  phenocrysts  are  often  included  in 
these  bands  and  hence  follow  flow  lines  through  the  rock.  It  seems 
doubtful  if  the  soda-iron  silicates  ever  developed  in  the  rock  as  origi- 
nally solidified  nor  did  they  form  on  devitrification,  but  iron  oxides 
and  siUca  separated  instead.  In  some  sections  examined,  a  few 
minute  grains  having  the  appearance  of  a  hornblende,  and  a  few  tiny 
specks  of  what  is  thought  to  be  biotite  have  been  noted,  but  these 
are  probably  secondary. 

In  some  parts  of  the  aporhyolite,  micropoikilitic  structures  are 
developed.  These  are  especially  strong  in  much  of  the  rock  from  the 
large  mass  lying  northwest  of  Fox  Hill,  which,  as  has  been  noted,  is  of  a 
more  massive  character  generally  than  the  rest  of  the  aporhyolite. 
Over  considerable  areas  of  this  occurrence  the  rock  consists  almost 
entirely  of  a  groundmass  of  micropoikilitic  material  enclosing  fairly 
numerous  phenocrysts  of  microperthite.  The  micropoikilitic  material 
forms  small  roundish,  elliptical  or  mutually  moulded  areas,  which  are 
of  about  the  same  size  as  the  feldspar  crystals  themselves  —  that  is 
from  a  few  tenths  to  two  or  three  millimeters,  measured  along  their 
greatest  dimension.  About  the  boundaries  of  these,  magnetite  or 
hematite  is  often  abundant  and  the  same  is  sprinkled  more  or  less 
plentifully  throughout  the  rock.  The  general  effect  with  low  powers 
and  crossed  nicols  is  that  of  a  rather  finely  granular  rock.  The  micro- 
poikilitic areas  appear  to  consist  of  an  intergrowth  of  microperthite 
and  quartz  with  a  sufficient  uniformity  of  orientation  to  give  them 
indi\iduality.  Some  unorientated  crystals  of  feldspar  and  quartz 
are  scattered  through  them. 

It  is  perhaps  worthy  of  note  that  in  some  of  the  altered  tv-pes  of  the 
aporhyolite,  siderite  in  tiny  rhombohedra  and  irregular  grains  and 
masses  is  sometimes  quite  abundant.  The  same  mineral  has  been  seen, 
or  strongly  suspected,  in  the  granite,  identified  in  the  porphyry,  and 
has  been  also  found  in  some  of  the  xenoliths  in  the  granite.  The 
presence  of  this  mineral  as  an  alteration  product  is  not  common  in 
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The  aporhy elite  (18)  is  more  acid  than  the  granite  or  its  contact 
facies,  the  total  iron  lower  and  the  potash  relatively  higher.  The 
averages  given  by  Crosby  (No.  19)  of  the  rock  from  Pine  Hill,  show 
lower  silica  and  higher  alumina.  Variation  is  probably  to  be  expected 
in  different  parts  of  a  rock  of  this  character.  Devitrification  and  the 
attendant  alteration  have  undoubtedly  modified  the  rock  as  a  whole 
and  the  true  composition  of  the  rock  as  originally  solidified  cannot 
now  be  determined.  But  there  is  no  doubt  whatever  of  its  belonging 
to  the  Quincy  type  of  magma. 

The  norm  is  as  follows:  — 


Quartz  36.84 

Orthoclase  27.80 

Albite  30.39 

Anorthite  .  56 

Corundum  .  92 
Hj-persthene      .86 

Magnetite  2.32 

Ilmenite  .  46 


f^^  =  2.0.  Class  I.    Persalane. 
95.49  Salics. 

O 

-^  =  0.6.  Order  3.    Quarfelic. 

-^'^CaO*^=^-    Range  1.    Peralkalic 
4.56Femics. 

j^£jQ  =  .86.  Subranges.     Sodipotassic. 


The  rock  is,  therefore,  an  alaskose  and  may  be  termed  a  grani- 
alaskose.  The  mode  is  essentially  like  the  norm.  The  ratio  of  Ab: 
Or  is  1.09  that  of  the  granite  1.02;  or  Ab,  52.3;  Or,  47.7,  the  gran- 
ite  Ab,  50.5;  Or,  49.5. 

In  columns  11  and  19  are  given  the  compositions  of  the  rhyolitic 
rocks  associated  with  the  neighboring  Neponset  Valley  granite  in- 
trusion. They  show  the  characteristic  differences  of  the  two  magmas, 
\iz.  higher  iron  and  predominance  of  potash  over  soda  in  the  Quincy 
magma,  whereas  soda  dominates,  sometimes  greatly,  over  potash  in 
the  Neponset  rocks.  Thus  the  chemical  exidence  agrees  entirely 
with  the  microscopic,  in  showing  that  the  Blue  Hill  aporhyolite  belongs 
to  the  Quincy  granite  magma  and  is  quite  distinct  from  the  abundant 
volcanics  developed  in  the  neighboring  areas  of  granitic  rocks. 

Slate-Granite  Contacts,  North  Common  Hill,  Quincy. 

The  contacts  of  the  coarse-granite  with  the  slate  along  the  northern 
side  of  North  Common  Hill,  Quincy,  show  no  intermediate  contact 
phases  and  therefore  call  for  special  mention.  As  pointed  out  by 
Crosby  **  there  are  numerous  patches  of  slate  lying  in  the  coarse  granite. 

44  loc.  oit.,  p.  28  et  seq.,  also  special  map  opp.  p.  428. 
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Some  of  these  have  a  length  of  nearly  one  hundred  feet  by  somewhat 
less  in  width  and  are  stated  by  Crosby  to  show  a  very  constant  strike 
of  N.  80  E.  with  a  dip,  S.  80-85,  the  metamorphism  by  the  granite 
not  having  been  sufficient  to  obliterate  the  true  bedding  of  the  slate. 
This  constant  orientation  of  isolated  pieces  of  the  slate  is  held  by 
Professor  Crosby  to  indicate  that  they  are  —  "  roots  of  a  once  con- 
tinuous body  of  slate." 

The  granite  remains  coarse  up  to  within  an  inch  of  the  slate  and  then 
is  fine-grained  to  the  contact,  nor  was  the  granite  necessarily  rendered 
finer  because  of  chilling,  but  may  have  developed  simply  a  finer  grain 
induced  by  direct  physical  contact  with  the  slate  surfaces.  The  slate 
is  verj'  dense,  hard,  and  somewhat,  though  not  very  highly,  meta- 
morphosed, and  shows  no  evidences  of  having  received  any  additions 
from  the  magma  with  which  it  was  in  contact.  The  absence  of  ex- 
treme metamorphism  certainly  does  not  argue  in  favor  of  any  excess 
of  heat  nor  of  volatile  products  in  this  part  of  the  magma,  a  point 
that  is  of  importance  in  any  consideration  relating  to  the  method  by 
which  the  magma  came  into  its  present  position. 

The  absence  of  the  contact  phases,  which  are  elsewhere  developed 
between  the  granite  and  the  older  rocks,  and  the  present  higher 
elevation  of  the  slate-granite  contacts  on  North  Common  Hill  relative 
to  other  parts  of  the  field  where  the  contact  phases  are  strongly  de- 
veloped —  Pine  Hill  for  example  —  makes  it  necessary  to  assume,  that 
either  these  contacts  were  originally  much  deeper  seated  portions 
of  the  contact  and  since  have  been  elevated,  or  that  the  slate  patches 
represent  sunken  blocks  frozen  in  the  granite,  and  that  somewhere 
above  the  present  plane  of  erosion  there  once  existed  a  cover  of  the 
contact  porphyries.  The  constant  orientation  of  isolated  blocks  of 
slates  over  so  considerable  an  area,  and  the  presence  of  a  well  defined 
fault  contact  lying  but  a  little  way  to  the  north  with  a  probable  up- 
throw of  the  igneous  rocks  relative  to  the  sediments*^,  points  very 
strongly  to  the  correctness  of  Crosby's  conclusion  that  the  slate  here 
represents  remnants  of  the  original  slate  contacts. 

Pegmatite  "Pipes." 

Three  pegmatitic  masses  having  the  form  of  elongated,  pipe-like 
bodies  occur  in  the  granite  of  North  Common  Hill,  Quincy.  These 
are  remarkable  for  their  structure  and  crystallizations  and  have  been 
made  the  subject  of  an  extended  description  by  Professor  Charles 


45  See  G.  F.  Loughlin,  op.  cit.,  p.  29. 
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Palache  and  the  writer  *®  to  which  reference  may  be  made  for  details. 
These  pipes  lie  wholly  within  the  granite,  and  it  is  certain  that  one,  and 
probably  two,  did  not  even  reach  the  present  eroded  surface  of  the 
granite.  It  is  thought  that  they  represent  relatively  siliceous,  water- 
rich  segregations  formed  at  greater  depths  in  the  magma. 

Vein  phenomena. 

Occasional  quartz  veins  occur  in  the  granite  and  granite-porphyry. 
They  are  generally  small  affairs  measuring  from  J  to  1  inch  in  width 
but  have  usually  a  considerable  length  and  appear  to  reach  deep  into 
the  rock.  Several  of  these  have  been  referred  to  by  Dale  as  occurring 
in  some  of  the  quarries.  They  usually  contain  small  amounts  of 
fluorite  and  some  of  them  sphalerite,  galena  and  chalcopyrite.  Similar 
sulphides  were  noted  in  the  pegmatite  pipes. 

Dike  Phenomena. 

As  has  been  noted  earlier  in  the  paper,  dike  phenomena  connected 
with  the  intrusion  of  the  alkaline  rocks  are  inconspicuous.  With 
the  exception  of  a  few  small  p>egmatitic  dikes  or  streaks  and  of  two 
narrow  and  short  microgranite  dikes  cutting  the  granite,  the  dike 
phenomena  of  the  area  is  confined  to  the  few  granite  dikes  cutting  the 
cover-porphyry  in  the  region  about  Slide  and  Scamaug  Notches,  and 
to  those  dikelets  or  apophyses  invading  the  slates  for  a  short  distance 
from  the  actual  contact.  These  latter  have  been  described  and  figured 
in  some  detail  by  Professor  Crosby  and  appear  to  be  merely  offshoots 
from  the  main  mass  of  granite.  They  are  for  the  most  part  small 
affairs  though  in  a  few  instances  they  appear  to  have  attained  con- 
siderable size.  Some  of  the  larger  ones  are  of  about  the  same  grain 
as  the  granite;  the  smaller  ones  are  quite  fine.  None  of  them  with 
the  exception  of  the  dikes  in  the  Pine  Tree  Brook  Reservation  appear 
to  possess  any  noteworthy  characteristics  not  fully  covered  by  Crosby's 
descriptions. 

The  last  mentioned  dikes  cut  the  slate  and  also  the  only  series  of 
diabase  dikes  which  are  known  to  be  older  than  the  alkaline  rocks  of 
eastern  Massachusetts  (see  special  map  Pine  Tree  Brook  Area).  The 
slate  cover  in  this  area  is  very  thin,  in  fact,  forms  hardly  more  than 


A6  These  Proceedings,  47,  No.  4  (July,  1911). 
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first  the  relatively  basic  feldspar-porphyry.  This  is  succeeded  by  a 
thin  zone  of  granite-porphyry  passing  into  the  porph\Titic  coarse- 
granite.  In  places,  fine-granite  appears  to  come  in  as  a  contact  phase 
as  noted  earlier.  The  coarser  granite  intrudes  the  fine-granite  and  both 
porphyries  in  many  small  irregular  dikes,  and  in  the  extreme  western 
edge  of  the  area,  running  for  about  one  half  of  its  length  (in  part  out- 
side the  northern  boundary  of  the  reservation)  is  a  large  dike  of  variable 
width  and  quite  irregular  trend  which  has  a  total  length  of  something 
over  a  thousand  feet.  The  width  varies  from  a  few  feet  to  as  much  as 
100  at  the  widest  part.  Just  north  of  the  boundary  fence  this  dike 
is  well  exposed  for  study.  Its  eastern  side,  westward  from  the  slate 
for  perhaps  ten  feet  (exposed),  consists  of  a  fine-granite-porphyry 
containing  fairly  abundant  phenocrysts  of  feldspar  and  quartz  and 
abundant  specky  hornblende.  The  center  consists  of  the  porphyritic 
type  of  coarser  granite  in  which  are  embedded  a  great  number  of 
inclusions  of  the  basic  feldspar-porphyry  of  the  same  composition  and 
character  as  that  found  in  the  massive  ledges  only  a  little  distance 
away  where  the  slate  cover  has  been  worn  away.  These  inclusions 
are  of  all  sizes  from  one-half  centimeter  to  those  which  will  measure 
two  feet  across,  though  the  average  will  not  probably  exceed  seven  or 
eight  inches.  In  shape  they  are  sub-angular,  rounded,  elliptical  or 
irregular,  closely  similar  in  fact  to  the  inclusions  described  as  occurring 
in  the  granite  of  the  glaciated  ledge  of  the  Pine  Hill  area,  West  Quincy 
(p.  274).  Some  slate  inclusions  are  also  present.  Though  the  west- 
ern side  of  the  dike  is  not  well  exposed,  the  fine-granite-porphyry 
appears  to  form  the  border  of  the  western  contact  also.  The  dike  is 
doubtless  a  very  shallow  one,  hardly  more  than  an  upward  protuber- 
ance of  the  invading  igneous  mass  into  the  slate  cover.  The  composi- 
tion of  this  dike  is  satisfactorily  explained  if  we  assume  that  prior  to 
the  intrusion  of  the  dike,  the  magma  beneath  the  slate  had  differen- 
tiated and  partly  crystallized  with  the  development  of  the  rhomben- 
porphyry  next  to  the  slate.  Pressure  from  below  then  caused  the 
magma  to  burst  through  the  cover  of  slate  above,  breaking  up  the 
layer  of  basic  feldspar-porphyry  and  carrying  its  fragments,  together 
with  slate,  up  into  the  dike  channel  mingled  with  the  granitic  magma. 
Toward  the  margin,  the  dike  assumed  a  finer  grained  and  porphyritic 
texture,  but  centrally  crystallized  as  granite. 

Small  dikes  and  patches  of  pegmatitic  character  always  containing 
some  fine-granite  material  *^  are  found;    one  on  the  Rattle  Rock; 

47  See  Warren  &  Palache,  loc.  cit.,  p.  127. 
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several  on  the  small  hill  south  of  North  Common  Hill,  Quincy,  and  just 
east  of  the  northern  extension  of  the  Pine  Hill  Area;  and  several 
small  dikes  and  patches  of  irregular  outline  in  the  coarse-granite  near 
its  contact  with  the  fine-granite  in  the  old  quarry  just  off  Quincy  Ave. 
in  Weymouth.  In  all  of  these  occurrences  it  is  noteworthy  that  the 
pegmatitic  dikes  occur  either  at  the  contact  with  the  granite-porphyry 
(Rattle  Rock  and  northeast  of  Pine  Hill),  or  with  its  fine-granite 
equivalent  (Weymouth).  Their  origin  is  probably  to  be  found  in  the 
filling  of  fractures  in  the  upper  parts  of  the  granite  by  injection  of 
fluid  material  from  beneath.  The  banded  texture  of  the  larger  veins 
—  coarse  margins,  fine  centers,  etc. —  have  been  discussed  elsewhere.*' 


PART  n. 
General  Discussion. 

Chemical  and  Mineral  characters, —  Although  these  characters  have 
been  more  or  less  fully  discussed  under  each  type  it  may  be  well  to 
briefly  summarize  certain  important  features  brought  out  by  the 
chemical  analyses. 

The  entire  series  are  characterized  by  relatively  high  iron  and 
alkalies,  by  exceedingly  low  magnesia  and  also  by  almost  equally  low 
lime,  except  in  the  case  of  the  rhombenporph>Ty  and  the  rhomben- 
porphyry  xenoliths,  in  both  of  which  the  lime  reaches  about  three 
percent  owing  to  the  presence  of  a  lime-iron  rich  p^Toxene  probably  a 
hedenbergitic  augite. 

There  is  a  considerable  fluctuation  (see  table  No.  I)  in  the  total 
iron  oxide  content  even  between  the  coarse-granites  (compare  1-2 
with  3),  while  the  rhombenporphyries  show  a  great  difference,  com- 
pared with  the  rest,  in  their  high  iron  content.  It  is  to  be  noted  that 
there  is  a  strong  sjTnpathy  between  the  iron  oxides  and  high  alkalies; 
as  the  amount  of  feldspar  increases  the  sodic-iron  silicates  increase 
also.  The  relative  amounts  of  KoO  and  Na20  are  not  far  from  equal, 
with  the  exception  of  the  rhomben porphyry  xenoliths,  and  this  ab- 
normality may  point  to  some  later  addition  of  soda  from  an  enclosing 
hot  magma.  The  potash  on  the  whole  slightly  predominates  in 
amount. 


48  Palache  &  Warren,  op.  cit.,  p.  127. 
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A  study  of  the  ratios  existing  between  the  sum  of  the  molecular  pro- 
portions of  alumina  and  ferric  oxide,  to  that  of  the  soda  and  potash 
reveals  a  high  degree  constancy  if  we  except  the  rhombenporphyry 
phases  (15  &  16  Table  No.  I).  Inasmuch  as  no  allowance  has  been 
made  for  magnetite  nor  the  small  amounts  of  lime  and  ferrous-iron 
which,  of  course,  effect  this  ratio,  some  variation  is  to  be  expected. 
The  departure  from  constancy  in  the  rhombenporph>Ties  is  caused  by 
the  larger  amounts  of  lime  and  ferrous  iron,  whose  relations  cannot  be 
very  precisely  determined,  but  the  direction  of  the  divergence  is  the 
one  to  be  expected. 

Another  point  of  considerable  interest  is  the  proportions  of  the  soda 
and  potash  feldspar  molecules  present  in  the  microperthrte  resp. 
crj'ptoperthite  or  soda-orthoclase.  These  proportions  are  shown  in 
Table  Xo.  II  as  calculated  from  the  analyses:  — 

TABLE  NO.  II. 


ll 

2 

i 

If 

it 

AporhyoUte 
Average 

CO 

4           10          13 

t 

.a 

18    1 

Quartz  %  in  rock 
Albite  %  in  rock           = 
Microcline  %  in  rock     = 
Microperthite             ) 
resp.Cryptoperthite,  /  = 
Soda-orthoclase           ) 

33.3 
28.1 
27.5 

55.6 

23.3  26.7 
36.9   34.8 
29.5   29.0 

66.4  63.8 

40.2 
31.1 

71.3 

30.4 

27.8, 

58.2' 

Ratio    ^^^ 

1.02'l.25    1.20 

1.29 

1.09    1.17 

1.27tol.50 

{  Albite  Tc 

1  Microcline  %             — 

50.5,55.6    54.5  '65.3 
49.5  i44. 4    45.5,43.7 

52.3   53.8 
47.7   46.2 

56  to  60 
44  to  40 

There  is,  in  spite  of  a  rather  large  fluctuation  in  the  total  amounts  of 
the  two  feldspar  molecules,  a  rough  approximation  toward  a  constancy 
in  their  relative  proportions,  but  the  ratio  is  lower  than  the  lower  limit 
for  feldspar  intergrowths  as  estimated  by  Vogt.  In  calculating  the 
Ab:  Mic.  ratio  several  assumptions  had  to  be  made  which  would 
obviously  affect  the  ratio  so  that  they  are  at  best  only  approximations. 


49  Tschermak's  Mineral,  u.  Potrog.  Mitt.  Vol.  XXIV,  Xo.  6,  1906,  p. 
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departs  very  widely  from  this  figure,  whereas  it  is  the  latter  that 
should  correspond  most  nearly  to  the  eutectic  composition  on  the 
basis  of  the  theory.  It  is  of  course  by  no  means  necessary,  in  a 
magma  representing,  like  the  present  one,  a  very  complicated  chemical 
system  in  which  there  are  certainly  a  considerable  number  of  as  yet 
imperfectly  imderstood  solid-solution  relations  existing  between  the 
various  components,  that  the  end  product  of  differentiation  should 
be  a  eutectic  mixture.  In  any  case  the  figures  above  given  ser\'e  to 
illustrate  the  present  uncertainties  of  the  eutectic  theory  as  applied 
to  such  systems. 

Fluorine  is  present  usuaUy  in  small  amoimt:  locally  near  quartz 
veins,  in  the  pegmatitic  pipes,  and  in  certain  contact  facies  of  the 
porphyry  cover  it  is  quite  abundant  in  the  form  of  fluorite,  which  is  its 
usual  mode  of  combination.  Small  amounts  are  present  in  the  rie- 
beckitic  hornblende,  and  in  the  pegmatite  pipes  it  is  also  present  in 
the  mineral  parasite.  Zirconia  is  generally  present  in  small  amount  as 
zircon.  Titanium  is  present  in  ilmenite,  aenigmatite,  astrophyllite, 
titanite  (in  part  or  wholly  secondary)  and  probably  to  a  small  extent 
in  the  hornblende.  The  cerium  earths  make  their  appearance  in  the 
parasite  of  the  Pegmatites  and  are  doubtless  present  elsewhere  in  the 
granites,  etc.  Though  very  small  in  amount  their  presence  is  inter- 
esting and  is  probably,  like  zirconia,  characteristic  of  this  type  of 
rock.  Traces  of  molybdenium  (as  molybdenite),  lead  (galena),  zinc 
(sphalerite)  are  present  in  the  magma  since  they  are  found  in  the 
quartz  veins  and  pegmatitic  phases. 

Although  it  is  the  writer's  opinion  that  the  greater  part  of  the 
CNiginal  mineralizers  were  retained  within  the  granite  by  the  quick 
chilling  of  the  upper  zones,  these  acting  as  a  protecting  cover,  it  is 
possible,  if  not  indeed  probable,  that  the  more  volatile  contents  of  the 
extreme  upper  portions  of  the  invading  magma  were  in  great  part  lost 
by  rapid  and  easy  diffusion  through  the  relatively  thin  cover  of 
sediments.  The  occasional  strong  development  of  fluorite  in  certain 
localities  where  the  indications  are,  that  the  rock  as  now  exposed  was 
originally  not  far  removed  from  an  original  contact,  supports  this 
\new.  The  retention  of  mineralizers  in  the  magma  appear^  to  be  a 
characteristic  feature  of  other  occurrences  of  this  tx'pe  of  rock,  partic- 
ularly that  of  Dobrogea  on  the  Danube  which  seems  to  resemble 
the  present  occurrence  in  many  respects.'^ 

The  riebeckite  of  the  fine-granite  appears  to  correspond  closely  to 


51  Murgoci,  op.  cit.,  pp.  142-144. 
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contact  with  these  rocks,  lioth  to  the  north  in  Ji;ssex  (Jo.,  and  to  the  south 
in  northern  Rhode  Island,  there  are  intrusions  of  alkaline  granites  so  similar 
to  the  Quincy  that  there  can  be  no  doubt  that  they  are  of  the  same  age.  These 
are  known  to  cut  an  older,  biotite  granite.    Their  intrusion  was  preceded, 
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intrusion,  the  space  now  occupied  by  the  alkaline  rocks  was  formerly 
filled  by  Cambrian  and  pre-Cambrian  sediments,  and  probably  also 
in  part  by  an  older  biotite  granite  intrusive  into  at  least  a  part  of  these. 
Whatever  the  exact  manner  in  which  these  older  rocks  were  replaced 
by  the  batholith  '^  these  certainly  had  no  appreciable  effect  on  the 
chemical  composition  of  the  batholith  as  now  exposed  by  erosion 
and  quarrying.  The  Cambrian  sediments  now  extant  in  contact 
with  the  batholith  or  in  its  neighborhood,  nor  the  pre-Cambrian  rocks 
existing  ivu  nearby  areas,  could  not,  by  any  process  of  assimilation, 
produce  the  present  highly  specialized  chemical  character  of  the 
batholith  unless  such  assimilation  were  accompanied  by  a  drastic 
differentiation  which  it  is  quite  certain  has  not  taken  place  in  the 
bathoUth  as  exposed.  That  the  magma  of  the  present  bathoUth  was 
originally  produced  at  greater  depths  by  the  differentiation  of  a  magma 
which  had  during  some  past  epoch  assimilated  older  rocks,  is  not 
denied,  indeed,  the  WTiter  believes  that  such  a  process  did  take  place. 
The  assimilation  of  any  noteworthy  quantity  of  sediments  and  subse- 
quent differentiation  demands  an  enormous  amount  of  heat,  or  a  long 
continued  period  of  sufficient  heat  to  ensure  the  necessary  mobility, 
which  does  not  appear  to  have  been  the  case  in  this  magma.  This  is 
shown  by  the  lack  of  extreme  metamorphism  of  the  Cambrian  slates 
found  at  the  contacts,  even  of  the  coarse  granite  on  North  Common 
Hill,  Quincy,  which  must  represent  relatively  deep  portions  of  the 
original  contact,  as  has  already  been  pointed  out.  There  is  for  example 
much  less  metamorphism  in  these  sediments  than  that  described  by 
V.  M.  Goldsmidt  ^®  for  the  sediments  in  contact  with,  or  included  in. 


at  least  in  Essex  Co.,  by  acid  alkaline  intrusive  and  effusive  rocks  which  either 
lie  upon  an  eroded  surface  of  the  older  granite,  etc.  or  cut  them.  The  bulk 
of  the  evidence  referred  to  is  contained  in  the  unpublished  thesis  of  Dr.  C.  H. 
Clapp  (Thesis  for  the  degree  of  Doctor  of  Philosophy  in  Geolog>%  C.  H.  Clapp, 
Mass.  Inst,  of  Technology,  Boston,  Mass.,  1911.)  An  abstract  of  this  thesis 
has  been  published  setting  forth  the  main  results  and  a  paper  will  appear  later 
as  a  bulletin  of  the  U.  S.  Geological  Survey.  The  facts  regarding  the  alkaline 
granite  in  Rhode  Island  will  be  published  by  the  writer  and  Mr.  Sidney  Powers 
in  a  future  paper  now  in  preparation. 

55  Although  the  mass  of  alkaline  rocks  exposed  is  not  large,  perhaps  not  large 
enough  to  warrant  the  use  of  the  word  batholith  according  to  the  ideas  of  some 
geologists,  the  writer  has  used  it  as  a  convenient  term.  In  all  probability 
the  mass  is  connected  with  a  much  greater  mass  of  alkaline  rock  beneath,  which 
has  sent  up  protuberances  as  it  were,  of  which  the  Quincy-Blue  Hill  mass  is 
one,  the  Rockport,  Mass.  Granite  another,  and  those  near  Diamond  HiU, 
Rhode  Island  another.  There  is  no  evidence  whatever  of  anything  in  the 
nature  of  a  laccolith  about  the  Quincy-Blue  Hill  mass. 

96  Videnskapsselskapeta  Schrifter,  1,  Mat.  Xaturv.  Klasse,  No.  1  (1911). 


Digitized  by 


Google 


porphyry  was  developed  as  a  chilled  cover.  It  is  certain  that  the 
alkaline  rocks  have  suffered  some  differential  movement  and  that 
they  have  been  tilted  up,  relatively  at  the  north.  These  movements 
took  place  along  great  major  fault  lines  and  it  is  perhaps  possible 
that  these  may  represent  lines  of  weakness  along  the  original  lateral 
contacts  of  a  bysmalithic  intrusion.  This  hypothesis  would  do  away 
with  many  grave  difficulties  but  there  is  no  proof  whatever.  The 
other  possible  method  of  intrusion  which  offers  an  explanation  of  the 
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facts  as  presented  is,  that  of  "  stoping  "  as  advanced  by  R.  A.  Daly  ®^ 
and  in  a  somewhat  less  highly  developed  form,  independently,  by 
J.  Barrell.'®  If  the  Quincy  magma  has  reached  its  present  position 
by  replacement  and  not  by  displacement  of  the  country  rock,  and  has 
not  dissolved  the  invaded  rocks,  then  the  writer  can  see  no  escape 
from  the  so-called  stoping  method  of  replacement. 

The  first  solidified  portions  of  the  magma  are  found  in  place  in  sev- 
eral parts  of  the  field.  In  eastern  and  southern  Quincy  and  northern 
Weymouth  we  find  the  fine-granite  as  the  contact  phase.  Considera- 
ble portions  of  this  WTre  broken  up  or  invaded  by  the  still  fluid  magma 
beneath,  as  shown  by  the  perfectly  sharp  igneous  contacts  of  many  of 
the  larger  masses  of  fine-granite  with  the  coarse,  by  the  included 
masses  of  fine-granite  and  by  the  dikes  of  coarse-granite  cutting  the 
fine.  This  part  of  the  area  undoubtedly  represents  relatively  deep 
levels  of  the  contact  (as  held  by  Professor  Crosby).  In  the  Pine  Hill 
tract  and  the  Pine  Tree  Brook  reservation  the  contact-porph^Ty  is  a 
relatively  thin  zone  passing  gradually  and  rapidly  into  granite  and  here 
also  are  found  the  basic  marginal  differentiate  of  the  magma,  the 
rhombenporph>Ty,  and  also  the  other  phase  of  lower  contact  levels, 
the  fine-granite.  In  both  areas  there  is  positive  evidence  of  the 
movement  of  the  underhing  magma,  which  often  resulted  in  a  break- 
ing up  of  the  earlier  consolidated  rocks  or  in  invasion  of  them  by  dikes, 
or  Iwth.  In  the  Blue  Hill  Reservation  proper,  where  the  cover- 
porphxTV  attained  a  great  thickness,  the  transition  from  the  granite- 
porph^vry  to  the  porpl\\Titic  phase  of  the  coarse-granite  is  either  very 
rapid,  or  aii  observeil  on  Rattlesnake  Hill,  the  contact  is  sharp,  indi- 
cating that  there  the  magma  moved  under  its  o\ni  cover.  Again  in 
and  alnnit  Slide  Notch  we  find  actual  dikes  of  granite  (with  xenoliths 
of  the  dark  feldspar-porph^vry  and  fine-granite  tN-pes"!  of  considerable 
dimensions  cutting  the  pori>li\Ty  cover.  In  several  places  among  the 
higher  lulls  wt*  have  also  notetl  the  occurrence  of  considerable  areas 
of  fine»  feldsj^r-quartz-jH>rpli\Ty  essentially  identical  with  the  contact 
phiiM^  \^acainst  the  ai^H>rli\*olito  of  Warn  pa  tuck  Hill  for  example)  of 
the  graniti^H^rjilixTv,  but  in  many  instanct^,  as  for  example,  on  the 
norxhoni  and  northeast  em  slojx^  of  the  Gn^t  Blue  Hill,  the  contacts 
of  ilu^^  tine  |x^rpl\\  Ht^  and  the  a>s<xnati>l  granite-porph\T\-  are  either 
\iry  rapid  tr;*n>itions  or  art^  rrally  sharp  though  perfectly  sealed 
c\v; tacts,  a4;ain  intlii^tini:  a  movement  aix>Mn|^nitxi  by  breaking  off. 
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West  Quincy.  |     • 

This  section,  drawn  approximately  to  scale,  illustrates  the  relation,  as  worked  *     ' 

out  by  the  writer,  existing  between  the  aporhyolite,  granite-porphyry  etc.  t 

along  those  portions  of  the  contact  between  these  rocks  found  at  relatively  '..    ) 

deeper  levels  than  that  shown  in  the  Rattlesnake  Hill  section.     Here  the  very  ] 
dense  immediate  contact  rock  is  succeeded  by  a  narrow  zone  of  coarsely  and 

profusely   porphyritic   rock   which   in   turn   passes  gradually,   but   rapidly,  | 

through  granite-porphyrj'  into  the  porphyritic  phase  of  the  coarse  granite.  i 

Flow  structures  are  strongly  developed  near  the  contact,  and  dark  colored  »     i. 

xenoliths  are  found  in  the  coarsely  porphyritic  phase  and  also  in  the  granite-  •     i 

porphyry  and  granite  somewhat  more  distant  from  the  contact.  ,     ' 
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and  immersion  of,  the  broken  blocks  in  the  yet  unconsolidated  magma 
beneath.  The  writer  is  strongly  inclined  to  believe  that  the  masses*of 
aporhyolite  in  like  manner  represent  masses  of  the  first  consolidated 
portions  of  the  invading  magma,  broken  up  and  partially  or  perhaps 
wholly  immersed  in  their  own  magma.  R.  A.  Daly,  as  a  result  of  his 
acquaintance  with  the  region  in  question,  has  suggested  tentatively  that 
these  masses  of  aporhyolite  may  be  foundered  blocks  of  the  original 
roof  rocks.  ^*  The  fuller  knowledge  of  the  characters  and  relationships 
of  the  rocks  of  the  region  which  we  now  have,  supports  the  view  that 
the  aporhyolite  represents  portions  of  the  invading  magma  originally 
consolidated  very  near  the  surface,  at  least.  This  view  of  the  origin 
of  the  aporhyolite  brings  us  into  direct  opposition  to  Professor  Crosby's 
conclusions  and  the  question  of  its  relative  age  must  be  examined 
more  in  detail.  The  characteristics  of  the  porphyry  at  the  contact 
with  the  aporhyolite  have  been  described  and  shown  to  be  everywhere 
indicative  of  a  chilled  contact  and  this  fact  was  fully  recognized  by 
Crosby.  He  offered  two  hypotheses  as  to  the  nature  of  the  aporhyo- 
lite. First,  that  it  is  in  the  main  truly  intrusive  through  successive 
zones  of  the  batholith  and  interformational  with  reference  to  the  slate 
and  contact  rocks;  and  secondly,  that  it  is  truly  effusive.  The  first 
as  stated  by  Crosby  is  as  follows :  •^  "  Hence  we  seemed  forced  to  the 
conclusion  that  after  the  development  of  the  contact  zone  of  quartz- 
porphyry  in  the  usual  maimer  the  extrusion  of  the  magma  now 
represented  by  the  felsite"  (aporhyolite)  "took  place  in  such  a  way 
as  to  form,  not  great  dikes  extending  up  through  the  Cambrian  strata, 
possibly  to  the  surface,  but  rather  a  laccolithic  accumulation  between 
the  contact  zone  and  the  Cambrian  cover,  with  a  bending  down  or 
falling  in  of  the  edges  of  the  contact  or  porphyry  zone  sufficiently 
marked  to  account  for  the  great  width  of  the  dike,  for  the  narrowness 
of  the  porphyry  zone,  for  the  fact  that  in  spite  of  very  unequal  erosion 
the  felsite  is  nowhere  found  in  contact  with  the  granite,  and  for  the 
high  inclination  of  the  felsite-porphyry  contact. . . .  '*  "A  sill  •^  ex- 
tending south  from  a  laccolithic  trough  between  the  contact  zone 
of  the  batholith  and  its  Cambrian  cover  would,  perhaps,  best  express 
the  idea." 

The  second  hypothesis,  and  the  one  favored  by  Crosby,  is  stated  by 
him  as  follows:  ®^  —  . . . . "  the  felsite  is  truly  effusive,  post-dating 

59  These  Proceedings,  47,  No.  3,  p.  62  (June,  1911). 

60  op.  oit.,  p.  386. 

61  op.  cit.,  p.  387. 

62  op.  cit.,  p.  387. 
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the  erosion  requisite  to  lay  bare  the  batholith,  and  occupying  in  its 
broader,  dike-like  development  between  the  east  side  of  Pine  Hill  and 
the  summit  of  Wampatuck  Hill,  a  steep-walled  valley  due  to  the 
erosion  of  a  deeply  included  body  of  slate.  Depressions  having  this 
origin  exist  in  the  modem  topography,  the  valley  of  Ruggles  Creek 
being  a  good  example.  If  now,  we  conceive  such  an  erosion  trough, 
with  its  wall  of  quartz-porphyry  essentially  intact,  as  the  Ruggles 
Creek  Valley  is  today  bordered  by  the  contact  zone  of  fine-granite, 
to  be  traversed  longitudinally  by  a  fault  fissure  with  a  down-throw  to 
the  south,  as  the  valley  of  Ruggles  Creek  unquestionably  is,  the  out- 
flow of  acid  lava  filling  the  depression  and  connecting  fissure,  and 
flowing  out  away  to  the;  south,  would  seem  to  account  for  all  the  facts 
as  they  are  now  developed  in  the  field." 

Under  the  first  view  it  seems  to  the  writer  very  difiicult  to  conceive 
of  a  magma  forcing  its  way  in  between  the  contact  porphyry  and  its 
slate  cover  in  such  a  way  as  to  carefully  remove  all  of  the  slate  over  a 
great  area  of  what  was  certainly  a  most  imeven  contact  surface  with- 
out leaving,  so  far  as  known,  a  single  fragment  of  it  between  the  por- 
phyry and  the  aporhyolite.*^  Under  the  second  view,  it  seems  very 
unlikely  that  erosion,  accompanied  by  even  the  most  favorably  dis- 
posed faulting,  could  have  removed  the  slate  cover  just  so  far  as  the 
fine-grained  contact  phase  of  the  porphyry  and  no  farther,  for  the 
aporhyolite  never  comes  in  contact  with  any  other  phase  of  the  batho- 
lithic  rocks;  and  this  over  a  wide  area,  at  various  elevations  and  along 
a  most  devious  line  of  contact.  Furthermore,  it  would  seem  almost 
inevitable  imder  either  hypothesis  that  the  lava  woidd  have  included 
within  itself  fragments  of  either  the  slate  or  the  porphyry,  or  both, 
and  such  inclusions  are  nowhere  to  be  found,  at  least  along  the  great 
length  of  contacts  which  have  been  examined  by  the  writer.  The 
porphyry  at  all  of  its  exposed  contacts  with  the  aporhyolite  bears 
all  the  characteristics  of  a  chilled  contact  phase  against  something, 
and  it  appears  most  natural  to  assume  that  the  chilling  was  done  by 
the  rock  with  which  it  is  now  in  contact  —  the  aporhyolite.  It  is 
wholly  inconceivable  that  the  aporhyolite  itself,  a  rock,  that  in  large 


63  It  should  be  noted  that  the  aporphyolite  is  in  contact,  according  to  Crosby, 
with  slate  northwest  of  Fox  Hill,  but  the  precise  relation  of  the  slate  to  the 
nearby  granite  and  porphyries  is  unknown.  The  only  other  slate  an3rwhere 
near  the  aporhyolite  is  a  fragment,  2  ft.  across,  embedded  in  the  granite- 
porphyry  just  east  of  the  eastermost,  and  very  narrow  end,  of  the  aporhyolite 
m  the  Pine  Hill  area. 
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part,  at  least,  solidified  as  a  vitreous  rock,  should  have  so  altered  the 
granite-porphyry  as  to  reproduce  in  it  the  characteristic  contact 
structures  which  it  now  possesses. 

An  alternative  hypothesis  to  the  one  proposed  above,  viz.  that  the 
aporhyolite  represents  engulfed  blocks  of  the  original  chilled  roof, 
might  be  that,  the  aporhyolite  was  first  intruded,  at  a  distinctly  eariier 
period  into  the  relatively  cold  slates  relatively  near  the  surface,  in  the 
form  of  great  dikes,  or  more  irregular  masses,  or  even  was  extruded, 
and  that  later  followed  the  greater  invasion  of  the  main  mass.  In  such 
case  the  magma  would  be  expected  to  have  enveloped  much  of  the 
rocks  first  invaded  by  the  rhyolite  along  with  it,  which  is  certainly 
not  the  case.  It  must  be  frankly  admitted  that  the  view  that  it  is 
an  eariier  formed  rock  is  not  free  from  serious  difficulties  and  the  con- 
clusion finally  reached  in  any  case  is  perhaps  determined  by  a  "  choice 
of  evils*',  and  the  writer  has  chosen  what  appears  to  him  to  be  the 
lesser  one,  namely  those  which  make  the  aporhyolite  an  eariier  con- 
solidated part  of  the  alkaline  intrusion. 

Consolidation  of  the  Magma. —  From  the  relationships  previously 
set  forth  we  may  conceive  of  the  consolidation  of  the  batholith  having 
taken  place  somewhat  as  follows:  —  at  the  highest  levels,  near  the 
surface,  sudden  chilling  resulted  in  the  formation  of  considerable 
masses  of  highly  vitreous  rock;  a  little  lower  down,  in  the  denser 
forms  of  the  feldspar-quartz-porphyry.  These  earliest  consolidated 
rocks  were  fractured  and  broken  off  by  movements  of  the  fluid  mass 
beneath,  large  blocks  of  them  became  immersed  in  the  magma,  per- 
haps sunk,  and  against  them  the  magma  consolidated  with  sharp  but 
tightly  sealed  contacts  showing  a  variable  amount  of  local  chilling. 
Further  cooling  of  the  magma,  still  at  relatively  high  levels,  resulted 
in  the  formation  of  a  thick  zone  of  feldspar-quartz-porphyry  and  gran- 
ite-porphjTy.  This  thick  cover  of  still  relatively  hot  rock,  being  a 
poor  conductor  of  heat,  acted  as  an  effective  blanket,  protecting  the 
magma  underneath  and  permitting  it  to  solidify  with  sufficient  slow- 
ness to  develop  a  truly  granitoid  texture.  In  places,  perhaps  very 
generally,  the  magma  beneath  this  porph>Ty-cover  moved  relatively, 
and  sometimes  broke  through,  forming  the  granite  dikes  like  those 
noted  as  occurring  in  and  about  Slide  Notch.  As  these  dikes  contain 
numerous  cognate  xenoliths,  —  rhombenporph^Ty  and  fine-granite 
types — and  as  these  are  also  found  in  the  granite  directly  underneath 
the  porphyry,  as  at  Rattlesnake  Hill,  it  appears  that  the  magma, 
wherever  it  remained  hot  and  sufficiently  fluid  for  some  time,  differen- 
tiated to  a  small  extent  yielding  more  basic  phases,  which  were  more 
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found  on  North  Common  Hill,  which  seem  to  represent  the  deepest 
contacts  anywhere  exposed  and  which  have  been  brought  up  to  their 
present  relatively  high  positions  by  faulting  and  elevation  at  the  north, 
no  rhombenporphyry  is  now  foimd  at  the  contact,  whereas  if  it  is  true, 
as  had  been  assumed,  that  it  is  in  places  where  the  magma  remained 
hot  for  a  long  period,  thus  retaining  its  fluidity  and  permitting  differ- 
entiation to  take  place,  it  is  precisely  here  that  the  products  of  differ- 
entiation should  be  foimd.  In  view  of  the  fact  that  elsewhere  in  the 
field  the  first  formed  consolidations  have  generally  been  broken  and 
torn  away  from  their  original  position  at  the  contacts,  it  is  to  be 
expected  that  at  deeper  contacts  where  the  magma  was  not  chilled 
and  retained  its  mobility  longer,  any  differentiation  products  that 
might  form,  would  sink  or  be  otherwise  moved  from  their  original 
place  of  formation  and  dispersed  through  magma.  Indeed,  the 
numerous  patches  of  varying  texture  and  more  basic  composition, 
found  everywhere  throughout  the  granite,  are  believed  to  be  evidence 
that  such  action  has  in  fact  taken  place.  It  does  not,  however,  appear 
necessary  to  assume  that  differentiation  would  occur  at  very  deep 
contacts  in  the  same  manner  that  it  would  at  higher  elevations,  where 
the  temperature  gradient  would  be  much  greater  where  other  condi- 
tions would  likewise  be  different. 

In  places,  as  in  the  neighborhood  of  the  contacts  in  Northern  Pine 
Hill,  abundant  xenoliths  of  what  are  quite  obviously  fragments  of  the 
contact  phases  are  very  abundant,  having  been  caught  in  the  freezing 
liquid  before  they  had  had  time  to  move,  or  be  moved,  far  from  their 
original  positions.  The  general  distribution  of  the  contact  phases 
through  that  part  of  the  magma  which  in  time  formed  the  granite  is 
held  to  account  for  the  presence  of  the  xenoliths  generally.  In  this 
connection  it  should  be  noted  that  the  irregular  variation  in  the  com- 
position of  the  granite,  as  shown  by  the  microscope  and  the  chemical 
analyses,  is  suggestive  of  movements  in  a  magma  not  perfectly  homo- 
geneous in  composition,  and  this  is  in  keeping  with  the  other  evidences 
above  set  forth  of  more  or  less  strong  movement  in  the  intruding 
magma  before  complete  solidification  took  place.  As  further  bearing 
on  the  question  of  movement,  we  should  note  the  strong  testimony  of 
the  broken  phenocrysts  of  the  granite-porphyry  and  of  the  proto- 
clastic  structures  in  certain  portions  of  the  granite  (that  of  the  Gold- 
leaf  Quarry). 

Order  of  Crystallization  in  the  various  phases  of  the  Magma, —  The 
crystallization  of  the  various  rock  types  has  been  purposely  left  until 
they  could  all  be  discussed  together.     The  relations  of  the  various 
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differentiates  of  a  magma  are  richest  in  those  compounds  which  are 
the  first  fonned  secretions  from  the  magma,  and  observe  that  the 
soda-potash-feldspar  b  clearly  the  first  mineral  to  crystallize  in  this 
porphjTy,  we  may  infer  that  the  feldspar  was  the  first  mineral  to 
cr^'stallize,  and  that  the  possible  appearance  of  the  quartz  first,  may 
be  due  to  a  reversal  of  the  normal  order  through  supercooling,  a 
condition  that  did  not  exist  to  the  same  extent  at  the  deeper  levels. 

In  the  extreme  contact  phases  at  higher  levels  we  find  pseudomorphs 
of  what  were  pretty  certainly  pyroxene  crystals:  we  have  also  noted 
the  occurrence  of  a  few  phenocrysts  of  a  calcic-iron  pyroxene  in  the 
granite-porphjTy,  and  that  of  a  more  highly  sodic  variety  of  pyroxene 
in  the  form  of  small  crystals  included  in  the  outer  parts  of  the  feldspar 
phenocrysts,  as  well  as  in  the  form  of  separate  crystals.  In  the  rhom- 
benporphyry  a  calcic-iron  pyroxene  began  to  crystallize  before  the 
phenocrystalline  feldspar  had  ceased  its  growth.  From  these  facts 
we  infer  that  the  less  sodic  pyroxenes  began  to  crystallize  shortly 
after  the  feldspar. 

After  a  considerable  amount  of  quartz  and  feldspar  with  small 
amounts  of  pyroxene  (possibly  aenigmatite)  had  grown  as  phenocrysts, 
there  occurred  a  sharp  and  clearly  marked  pause  in  the  crystallization 
of  these  constituents.  The  cause  of  such  a  pause  is  undoubtedly  to  be 
found  in  the  supersaturation  of  the  residual  liquor,  a  phenomenon 
which  appears  to  the  writer  to  be  an  inevitable  incident  in  the  crystal- 
lization of  a  quickly  chilled  rock  magma,  such  as  that  of  the  granite- 
porphyry  unquestionably  was.  It  is  clear  that  before  and  perhaps 
during  this  pause  the  magma  was  in  movement,  for  we  find  fragments 
of  feldspar  phenocrysts  as  well  as  the  broken  and  irregular  ends  of  the 
crystals  covered  by  the  later  growth,  itself  unbroken.  Furthermore, 
the  sealed  cracks  crossing  so  many  of  the  phenocrysts  extend  only  to 
the  edge  of  the  original  crystal,  but  not  across  the  later  rim.  During 
this  pause  it  is  possible  that  the  resorption  of  the  quartz  phenocrysts 
took  place.  It  is  also  possible  that  the  pyroxene  (of  more  sodic  type) 
continued  its  growth,  and  the  massive  parts  of  the  hornblende  began 
their  growth,  although  their  crystallization  appears  to  belong  to  the 
second  period  of  crystal lizating  activity,  for  they  never  come  normally 
in  contact  with  the  original  phenocrystalline  feldspar  but  always  lie 
outside  of  the  later  groundmass  addition  to  the  feldspars.  As  we 
should  expect  in  a  supercooled  liquid,  the  crystallization  when  it  was 
resumed  took  place  about  vastly  more  numerous  centers,  and  so  far 
as  can  be  told  there  was  a  practically  similtaneous  growth  of  the  vari- 
ous minerals.     A  portion  of  the  feldspars  attached  themselves  as  a 
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parallel  growth  of  microperthite  to  the  already  existing  feldspar, 
forming  a  relatively  narrow  rim  about  the  larger  ones,  but  a  much 
broader  one  about  the  smaller  and  later  phenocrysts.  This  marginal 
feldspar  includes  many  quartz  and  aegirite  grains,  indicating  its  con- 
temporaneous age.®^  The  first  hornblende  formed  small  massive 
crystals  suggesting  a  slight  priority  of  growth,  and  as  its  crystalliza- 
tion progressed,  it  enclosed  poikilitically  the  quartz  and  feldspar  of 
the  true  groundmass,  as  well  as  some  of  the  smaller  and  later  feldspar 
phenocrysts.  The  greater  part  of  the  aegirite,  excepting  the  crystals 
of  distinctly  earlier  age,  is  distributed  through  the  groundmass  in  the 
form  of  minute  crystals  or  clusters.  The  aenigmatite  appears  to  have 
followed  about  the  same  plan  of  growth  as  the  hornblende. 

In  the  long  period  during  which  the  granite  beneath  was  solidifying, 
the  porphyry  must  have  remained  at  a  temperature  not  far  below  its 
crystallizing  interval,  and  during  this  period  certain  mineral  and 
textural  changes  took  place.  The  most  obvious  ones  were  those 
connected  with  the  recrystallization  of  a  part  of  the  phenocrystalline 
feldspar  and  its  albitization,  fully  described  in  the  earlier  part  of  this 
paper  and  to  be  referred  to  again.  There  were  doubtless  other  changes 
among  them,  possibly  those  resulting  from  some  coarsening  and  modi- 
fication of  th6  texture  by  "  sammelkrystallization,"  as  it  has  been 
termed  by  P.  Rinne.®^ 

If  we  examine  the  phases  of  the  granite-porphyry  which  are  nearer 
the  granite  in  the  field,  we  find  the  same  order  of  progression,  but  the 
pause  is  perhaps  less  sharply  marked,  the  grain  of  the  groundmass  is 
coarser  indicating  a  longer  period  of  cooling,  during  which  there  was 
time  for  a  more  nearly  granular  type  of  texture  to  develop.  In  the  por- 
ph>Titic  phase  of  the  granite,  which  comes  next  in  order,  we  find  that 
the  pause  is  almost  or  quite  obliterated  and  that  the  groundmass  is 
barely  distinguishable  from  the  rest  of  the  rock.  Passing  now  to  the 
coarse-granite,  we  cannot  doubt  that  the  first  crystallizations  were 
substantially  the  same  as  in  the  porphjTy.  The  larger  amount  of 
quartz  relative  to  the  feldspar  in  the  granite  suggests  that  the  quartz 
preceded  the  feldspar  in  the  beginnings  of  its  crystallization.     In 

67  In  the  extreme  contact  phases  the  rims  about  the  feldspars  are  very  narrow 
or  impreceptible.  This  is  to  be  expected,  owing  to  the  greater  degree  of  super- 
cooling resulting  in  a  greater  impediment  to  free  molecular  movement  in  the 
highly  viscous  residual  liquors.  It  should  be  noted  that  in  some  parts  of  the 
porphyry  a  later  rim  is  also  found  about  the  quartz  phenocrysts,  a^  might  be 
expected. 

68  Fortschrif t  f ur  Mineralogie,  Krystallographie  u.  Petrographie,  1,  p.  209, 
et  seq. 
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any  case  there  can  be  little  doubt  but  that  the  quartz  and  feldspar 
were  the  first  minerals  to  crystallize.  Owing  to  the  very  slow  cooling 
(long  time  period)  there  was  abundant  time  for  a  perfect  equilibrium 
to  establish  itself,  no  supersaturation  ensued,  and  the  minerals  con- 
tinued to  grow  chiefly  by  addition  to  crystals  already  formed  and  the 
crystallization  of  all  these  proceeded,  accompanied  as  we  shall  see  by 
certain  transformations,  chiefly  in  the  feldspar,  throughout  the  re- 
mainder of  the  main  (magmatic)  period  of  crystallization.  Succeed- 
ing this,  and  continuous  wnth  it,  certain  changes  were  effected  by  the 
action  of  late  mineralizing  vapors  or  solutions,  later  growths  of  albite, 
aegirite,  quartz  and  zircon  being  evidence  of  this.  In  fact  no  line 
can  be  drawn  marking  the  close  of  the  main  period  of  crystallization, 
and  there  is  doubtless  in  all  magmas  a  slight  but  continuous  mineraliz- 
ing action  going  on  for  a  long  time  after  the  main  crystallization  has 
virtually  ceased,  as  the  temperature  remains  relatively  high  for  a  long 
period,  and  the  water,  etc.  have  not  been  wholly  eliminated. 

Zircon  appears  to  have  grown  throughout  the  entire  period  of  crys- 
tallization but  to  have  especially  favored  the  last  stages.  This  agrees 
with  the  observations  of  others  on  the  zircon  of  similar  rocks.®* 

The  element  of  time  appears  here  as  the  great  conditioning  factor. 
A  long  period  of  time  made  the  establishment  of  a  relatively  perfect 
equilibrium  possible  and  so  smoothed  out,  as  it  were,  the  cooling 
curves  of  the  magma,  and  left  in  the  textural  relations  of  the  v^ari- 
ous  minerals  little  or  no  trace  of  critical  points  in  the  progress  of  the 
crystallization.  ^° 

In  the  fine-granite,  found  as  the  contact  phases  in  the  eastern  and 
southeastern  parts  of  the  area,  we  find  in  the  texture  good  e\idence 
that  these  contacts  were  at  lower  levels  of  the  original  contact  than 
were  those  of  the  granite-porphyry.  The  rock  is  somewhat  porphy- 
ritic,  the  phenocrysts  being  microperthite  and  quartz.     These  merge 


69  See  Murgoci,  op.  cit.,  p.  137;  also  Warren  &  Palache,  op.  cit.,  p.  144. 

70  In  this  connection  the  writer  wishes  to  direct  attention  to  the  discussion 
of  the  development  of  the  porphyritic  texture  given  by  Professor  Crosby  in 
his  Blue  Hill  report  (op.  cit.,  pp.  360-1),  and  in  a  later  paper  (On  the  Origin  of 
Phenocrysts  and  the  Development  of  the  Porphyritic  Texture  in  Igneous 
Rocks.  Amer.  Geologist,  26  (May,  1900).  Although  several  statements  in 
this  paper  are  hardly  correct  in  the  light  of  our  present  knowledge  of  the  laws 
govemmg  the  crystallization  of  heterogeneous  systems,  much  of  his  explana- 
tion of  this  texture  appears  to  be  substantially  in  accord  with  the  most  recent 
views  on  this  subject,  but  does  not  seem  to  have  been  referred  to  as  it  deserves. 
Compare  also  a  paper  on  the  same  subject  by  Professor  L.  V.  Pirsson  (Amer. 
J.  Sci.,  7  (April,  1889)  whose  views  are  discussed  by  Crosby  in  the  second 
paper  referred  to. 
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the  crystallization  of  the  rhombenporph>Ty  and  its  bearing  on  the  dif- 
ferentiation of  this  rock.  Here  there  is  no  question  but  that  the  rhom- 
benfeldspar  phenocrysts  —  homogeneous  mixed  crystals  as  we  hold 
them  to  be  —  were  the  first  minerals  to  crystallize.  Before  the  close  of 
the  growth  of  these  feldspar  phenocrysts  the  calcic-iron  pyroxene  began 
to  crystallize.  Again  we  note  a  pause,  marking  the  close  of  the  pheno- 
crystalline  stage  of  growth,  followed  by  the  consolidation  of  the 
groundmass  about  more  numerous  centers,  with  a  practically  simul- 
taneous growth  of  the  minerals  and  with  the  addition  of  a  part  of  the 
groundmass  feldspar  —  now  cr>T)toperthite  or  microperthite  —  to  the 
feldspar  crystals  already  formed.  In  such  a  texture  there  is,  in  the 
writer's  opinion,  proof  that  the  rock  was  not  formed  by  any  process  of 
fractional  crystallization.  It  indicates  that  the  rock  was  crystallized 
from  an  individualized — differentiated — magma  of  homogeneous  com- 
position, at  least  through  such  parts  as  now  possess  a  uniform  texture 
and  composition.  It  is  true  that  the  rhombenporphyry  as  a  whole 
does  not  possess  a  perfectly  homogeneous  composition,  and  as  sodic- 
pyroxenes  and  hornblende  enter  into  its  composition  in  some  parts, 
we  have  doubtless  a  gradation  toward  the  granite-porphyry.  The 
composition  of  a  part  of  the  xenoliths,  obviously  fragments  broken 
off  from  the  main  masses  of  this  porphyry,  show  a  somewhat  further 
gradation  toward  the  granite-porph\Ty.  The  actual  contacts  between 
the  rhombenporphyry  and  the  other  rocks  are  always  sharp,  and  if 
there  ever  was  a  complete  transition  between  them  it  is  necessary  to 
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HHHiirnc  thut  those  types  which  were  truely  gradational  in  character 
httvi'  now  disappeared  from  sight.  It  is  the  writer's  opinion,  however, 
Ihul  th<'re  always  existed  a  sharp  or  very  sudden  change  from  the 
rhomlH'nporphyry  into  the  other  types  —  a  practical  discontinuity. 
A  niimhcr  of  similar  sudden  or  sharp  contacts  between  the  peripheral 
Hilfe^riMitiates  of  a  magma  and  the  remaining  portions  have  been 
H«*H(rihrd  from  other  localities,  among  the  better  known  examples 
lining  those  described  by  Weed  &  Pirsson  in  the  Shonkin  Sag  Laccolith, 
Montuna,^^  by  Weed  &  Pirsson  in  the  Square  Butte  Laccolith, 
M(»ntana  ^^  and  by  Pirsson  and  Rice  at  Tripyamid  Mountain,  N.  H.^^ 
1 II  HiK'h  cases  the  evidence  all  points  to  a  strong  diffusion  of  mineral 
compounds  ^*,  having  an  earlier  period  of  formation,  toward  the  cool- 
ing Murface  followed  by  crystallization  of  the  magma  thus  formed. 
Mc>v(»rnent  of  the  remaining  magma  against  these  differentiated 
pliaMes  does  not  seem  sufficient  to  fully  account  for  the  sudden  or 
rven  sharp  change  from  one  to  the  other,  though  as  in  the  present 
imtwtf  it  may  account  for  a  certain  portion  of  the  contacts.  Assuming 
Huch  a  diffusion  toward  the  cooling  surface  to  have  taken  place,  may 
not  the  process  have  tended  to  overrun  itself,  so  to  speak,  thus 
bringing  about  a  condition  of  supersaturation  which  resulted  finally 
in  a  more  or  less  sharp  pause  in  the  process,  a  pause  analogous  to  that 
which  has  been  described  as  marking  the  end  of  the  phenocrystalline 
fitage  of  growth  in  the  case  of  the  feldspar  phenocrysts  of  the  por- 
phyries of  this  area.  The  result  of  such  a  pause  is  a  practically  dis- 
continuous contact.  It  is  not  the  same  thing  as  the  formation  of 
immiscible  liquid  phases  in  a  silicate  magma,  but  the  final  result  is 
not  very  different. 

The  Origin  of  the  Cognate  Xenoliths. —  The  opinion  has  been  ex- 
pressecl  that  the  patches  of  different  texture  and  more  basic  composi- 
tion which  occur  in  the  granite  and  to  some  extent  in  the  porphyry 
are  in  the  nature  of  inclusions  of  differentiated,  peripherial  portions 
of  the  batholith,  and  they  have  been  called  cognate  xenoliths.  That 
some  of  these  xenoliths,  as  for  example  those  found  about  the  rhom- 
benporphyry  on  Pine  Hill,  are  nothing  but  fragments  of  the  rhomben- 
porphyry  is  perfectly  certain,  and  it  may  be  safely  inferred  that  many 
others  are  of  the  same  origin,  though  they  are  not  so  obviously  con- 


71  Amer.  Jour.  Sci.,  12,  p.  351  (1896). 

72  Bull.  Gcol.  Soc.  Amer.,  6,  pp.  404-5  (1895). 

73  Amor.  Jour.  Sci.,  31  (April,  May,  1911). 

74  In  thin  connection  see  also  Bnigger's  conclusions  to  the  same  effect  in  a 
paper  on  the  basic  rocks  of  Gran.  Quart.  Jour.  Geol.  Soc,  1,  p.  15  (1894). 
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nected  in  the  field  with  the  rhombenporphyry.     That  all  of  the 
xenoliths  were  formed  in  this  way  is  by  no  means  so  certain. 

So  far  as  the  strongly  porphyritic  xenoliths  are  concerned  it  is 
important  to  note  that  they  all  exhibit  the  same  characteristics  as  the 
granite-porphyry  and  the  rhombenporphyry,  in  that  they  have  pheno- 
crysts  of  feldspar,  usually  of  more  or  less  distinct  "  rhomben  "  habit, 
which  show  a  pause  in  the  progress  of  crystallization  followed  by  a 
simultaneous  crystallization  of  the  groundmass  minerals.  Further- 
more the  feldspar  phenocrysts  in  the  great  majority  of  cases,  and  always 
in  the  xenoliths  of  the  "  rhomben  "  type  of  phenocrysts,  are,  or  show 
positive  evidence  of  having  been,  either  a  homogeneous  soda-potash 
feldspar  or  very  fine  cryptoperthite,  viz. —  the  same  feldspar  which 
is  characteristic  of  the  quickly  cooled  (quenched)  phases  of  the  magma. 
It  seems  improbable  that  we  should  find  a  small  mass  of  rock  possess- 
ing a  texture  indicative  of  relatively  rapid  cooling  and  containing 
phenocrysts  of  a  type  of  feldspar,  which  elsewhere  in  the  field  formed 
only  under  conditions  of  rapid  cooling,  developing  such  peculiarities  in 
situ  enclosed  in  a  rock  which  itself  is  typically  granitoid  and  developed 
under  conditions  of  slow  cooling.  It  might  be  contended  that  these 
xenoliths  have  developed  about  one  or  more  crystals  of  the  feldspar, 
acting  as  nuclei,  by  some  process  of  fractional  crystallization,  and 
that  the  rim  of  later  growth  was  due  to  a  growth  of  larger  crystals  at 
the  expense  of  smaller  ones  during  the  period  in  which  the  material 
was  surrounded  by  the  hot,  granite  magma.  The  presence  of  poikili- 
tically  developed  hornblende  perhaps  might  also  be  cited  to  support 
this  contention.  It  appears,  however,  to  the  writer  that  in  such  a 
case  the  same  action  of  the  hot  magma  would  pretty  certainly  have 
effected  a  recrystallization  of  the  feldspar  phenocrysts  since,  as  we 
have  shown,  these  are  very  easily  changed,  and  such  changes  have  not 
been  observed  to  be  common  in  the  feldspar  phenocrysts  of  this  type 
of  xenolith;  nor  does  it  seem  likely  that  so  perfect  a  reproduction  of 
the  normal  porphyritic  texture  could  result.  Furthermore,  a  process 
of  gradual  accumulation  from  the  surrounding  magma  could  hardly 
be  expected  to  result  here  in  sharp  contacts,  which  are  a  character- 
istic of  all  of  the  xenoliths.  The  rounded,  irregular  and  indented 
contacts  of  the  xenoliths  with  the  enclosing  granite,  so  beautifully 
exposed  on  the  glaciated  ledge  beside  the  railroad  track  east  of  Pine 
Hill,  and  the  flow  structures  sometimes  observed  in  them,  suggest 
simply  a  softening  and  moulding  of  the  xenolithic  masses  by  the  hot 
granite  magma.  It  might  also  be  contended  that  they  represent  con- 
solidated liquid  segregations  formed  in  situ  and  that  their  finer  tex- 
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ture  was  due  to  their  more  basic  (than  the  granite)  character,  or  to  a 
tendency  of  the  earlier  formed  minerals  to  form  smaller  crystals.^' 
The  same  objection  raised  above,  that  the  feldspar  phenocrysts  are 
not  recrystallized,  would  operate  strongly  against  this  view,  nor  is 
there  any  evidence  that  because  of  a  more  basic  or  different  chemical 
composition  there  should  result  such  a  texture  as  that  described: 
nor  is  it  the  earlier  formed  minerals  that  are  the  smaller  in  size,  but 
exactly  the  reverse.  In  this  whole  group  of  xenoliths  (those  with  a 
marked  porphyritic  texture)  there  is  little,  if  any,  evidence  that  there 
has  been  any  addition  of  material  from  the  enclosing  magma,  and 
little,  that  there  has  even  been  any  noteworthy  recrystallization  of 
the  xenolith  since  its  first  formation. 

In  the  case  of  the  feebly  or  non-porph>Titic  xenoliths,  particulariy 
those  of  finely  granitic  texture,  there  is  less  positive  e\'idence  as  to 
their  origin.  It  is  true  that  many  of  them  contain  phenocrj'sts  of 
microperthite  which  show  traces  of  an  earlier  formed  core.  But  this 
is,  in  character,  like  the  margin.  It  may  be  that  this  type  represents 
spots  in  the  granite  which  for  some  unknown  reason  developed  a 
&ier  texture.  But  "why  they  should  have  sharp  contacts  or  why,  in 
the  case  of  those  so  near  the  granite  in  chemical  composition  as  to 
possess,  at  best,  but  very  slight  differences  effective  in  modif>4ng 
the  texture,  they  should  show  a  contrasted  texture,  is  not  at  all  dear. 
It  has  been  pointed  out  that,  allowing  for  possible  changes  in  ch«nical 
composition  effected  perhaps  by  the  endosing  granite  magma,  the 
x<H)oliths  as  a  whole  correspond  rather  dosely,  and  in  part  almost 
exactly,  to  the  %-arious  t\-pes  of  rock  found  as  periph^al  phases  of 
the  batholith.  For  reasons  above  set  forth,  the  writer  believes  that 
the  porph^NTitic  xenoliths  are  simply  fragments  of  the  peripheral  phases 
of  the  batholith,  broken  up  and  more  or  less  moulded  in  form  by 
movements  in  the  hot  ma^ia,  and  that  these  fragments  have  in  part 
sunk  in  the  ma^ia  or  been  nio\*ed  from  their  original  positions  by  the 
:>anie  movements.  He  is  also  strongly  indined  to  believe  that  aU  of 
the  pati4ies  of  ix^ntrasteii  texture  are  the  result  of  the  same  process. 

The  alx>ve  statements  re$:ar\ling  the  origin  of  the  xenoliths  appear 
to  W  in  sulxstantial  accv>r\l  with  the  \-iewsi  of  Professor  Crceby.  In- 
asmuch as  he  reluxl  on  IV.  White's  descriptions  of  their  microscoptc 
chimAottTs  s^Hue  oi  h:>  statements  regarding  them  differ  materially 
frvHU  the  writer's.  We  are.  !K>wever.  a^reeil  that  the  porph^-ritic 
textun:*  ts  a  plain  indiou::\>n  that  the  cnkstallization  followed,  and  cfid 


'^  Sf^  RiA^r.  op  ci:.   p  o4S- 
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not  precede  differentiation.^*  Crosby's  final  statement  regarding 
their  origin  is  as  follows  ^^:  —  " .  .  .  .  segregation  on  a  large  scale  and 
subsequent  crystallization  developed  a  continuoiis  zone  of  basic- 
porph>Ty:  and  that  as  the  energy  of  the  process  diminished,  or 
where  it  was  primarily  weak,  it  became  more  or  less  localized, 
developing  isolated  segregations  which  were  subject  to  various  acci- 
dents—  distortion,  cracking  and  crowding — during  the  gradual  stiff- 
ening of  the  enclQ3ing  magma."  The  writer  is  disposed  to  insist 
that  the  evidence,  as  above  given,  shows  that  the  segregation  referred 
to  by  Crosby  was  confined  to  the  immediate  contacts  and  that  it  did 
not  form  small  localized  masses  (the  size  of  the  present  xenoliths)  in 
the  magma  at  points  distant  from  the  contact. 

The  Relations  between  the  Soda  and  Potash  Feldspars, —  In  the 
descriptive  part  of  this  paper  it  has  been  noted  that  the  feldspar  which 
occurs  in  the  form  of  ph«iocrysts  in  the  porphyries,  when  unaltered, 
is  a  soda-orthoclase  (?)  —  or  a  very  fine  cryptoperthite.  The  pheno- 
crysts  consist  centrally  of  a  homogeneous  material  or  a  very  fine 
(almost  homogeneous)  cryptoperthite,  but  toward  the  margins  they 
become  more  distinctly  perthitic  though  the  structure  is  still  very  fine. 
In  the  groundmass  of  the  rhombenporphyry  and  in  the  later  rims  of 
groundmass  age  about  the  phenocrysts,  we  have  cryptoperthite  or 
coarser  microperthite;  in  the  granite-porphyry  the  rims  about  the 
phenocrysts  are  of  microperthite  as  are  also  the  small  crystals  in  the 
groundmass.  In  the  granites,  on  the  other  hand,  the  feldspar  is 
throughout  a  strongly  developed  and  fairly  coarse  microcline-micro- 
perthite,  with  a  very  subordinate  amount  of  separately  crystallized 
albite,  and  this  is  located  about  the  ends  or  sides  of  the  microperthite 
crystals,  usually  as  a  continuation  of  the  albite  within  the  body  of  the 
crystal. 

Recently  J.  H.  L.  Vogt  ^'  in  an  elaborate  paper,  has  developed  the 
view  that  the  anorthoclase  —  cryptoperthite  —  feldspars  are  eutectic 
mixtures  and  proposes  to  designate  them  as  "eutectic  feldspars." 
As  the  result  of  a  statbtical  study  of  the  available  chemical  analyses  of 
feldspars  and  the  rocks  in  which  they  occur,  he  has  computed  that  the 
eutectic  mixture  lies  between  the  limits  40-44  Or:  60-56  Ab  -h  An; 
that  the  mixed  crystal  phases  forming  the  eutectic  are  about  Or, 
12%:  Ab  +  An887oand72%  Or:28%Ab+ An.    That  is,  he  believes 


76  op.  cit.,  p.  372. 

77  op.  cit.,  p.  373. 

78  Tschennak'B  Mineral,  u.  Petrog.  Mitt.,  24,  No.  6  (1906). 
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that  mixtures  of  potash-feldspar  and  plagioclase  belong  to  type  V  of 
Roosebooms' ^*  classification  of  mixed  crystals;  viz. —  they  have  a 
limited  miscibility  in  the  crystalline  condition  with  a  eutectic  point 
between  the  two  resulting  types  of  mixed  crystals.  His  figures  are 
admittedly  only  approximations  and  future  investigation  will  doubtless 
modify  them  in  some  particulars,  but  nevertheless  his  views  are  to  the 
highest  degree  suggestive  and  important.  At  temp>eratures  lower  than 
that  at  which  the  anorthoclase  or  cryptoperthit^  crystallizes,  some 
diminution  of  the  solubility  of  the  one  feldspar  in  the  other  in  the 
mixed  crystals,  would  probably  result  connected,  probably,  with  a 
transition  to  another  crystalline  modification  in  the  case  of  at  least 
one  component,  and  a  transformation,  an  unmixing  {entmischung), 
in  the  solid  condition  would  then  take  place.  The  perthite  or  micro- 
perthite  which  might  in  such  case  result,  would  consist  of  a  potash 
feldspar  containing  less  Ab  or  Ab  +  An  than  it  would  at  higher  tem- 
peratures, and  a  plagioclase  member,  likewise  poorer  in  Or.  Vogt 
estimates  that  the  potash  member  would  contain  in  such  cases  IQ- 
15%  of  Ab  or  Ab  +  An.  That  the  perthitic  intergrowth  is  due  in 
general  to  an  unmixing  of  an  earlier  existing  homogeneous  mixture, 
has  also  been  entertained  by  several  other  petrographers,^^  although 
none  have  put  their  ideas  into  such  definite  form  as  has  Vogt. 

It  appears  to  be  pretty  well  established  that  there  are  all  gradations 
between  microperthite  and  cryptoperthite;  that  there  is  a  truly 
gradual  gradation  into  a  perfectly  homogeneous  soda-potash  feldspar 
is  not  so  certain.  It  may  be  entirely  correct  to  look  upon  the  homo- 
geneous anorthoclase  as  being  a  crystallized  eutectic  mixture,  but 
the  writer  is  led  to  go  somewhat  further  and  suggest  that  the  appar- 
ently homogeneous  mixtures  may  be  a  true  mixed  crystal  belonging 
to  Txpe  1  of  Rooseboom,  viz. —  the  two  feldspars  are  miscible  in  all 
proportions  in  the  solid  crystalline  state.  ®^  It  may  be  noted  that 
anorthoclase  presents  certain  peculiarities  that  j>erhaps  suggest  a 
mixed  crystal.  It  is  a  familiar  fact  that  its  crystals  frequently  show 
a  division  into  fields  when  examined  under  crossed  nicols,  in  fact,  these 
may  be  visible  megascopically.  This  phenomenon  is  common  in 
mixed  crystals  such  as  the  garnets  and  alums.     Again  the  crystalline 

79  Zeitschr.  f.  Phys.  Chem.,  30  (1897). 

80  Rosenbusch,  F.  Becke  and  others. 

81  Since  this  was  written  a  paper  by  Dr.  E.  Dittler  (T.  M.  P.  M,,  Nos.  IV- 
V,  31,  pp.  511-22,  1912)  has  come  to  the  author's  attention,  in  which  ex- 
perimental evidence  is  given  to  the  effect  that  the  alkalic  feldspars  form 
mixtures  belonging  to  type  111  of  Rooseboom's  classification;  viz. —  a  con- 
tinuous line  of  mixed  crystals  tending  toward  a  minimum  freezing  point. 
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habit  of  the  anorthoclase  commonly  differs  from  ordinary  feldspars. 
The  crystals  are  often  curiously  distorted,  acute  terminations  being 
common.  These  may  be  due  to  the  physical  conditions  of  the  solu- 
tion imder  which  they  grew,  but  one  cannot  but  recall  that  such 
abnormalities  are  characteristic  of  certain  mixed-crystals  among 
laboratory  salts. 

There  seems,  however,  to  be  more  direct  evidence  of  the  complete 
isomorphism  of  the  soda  and  potash  feldspars.  P.  L.  Barbier  and 
A.  Prost  ®^  of  Lyon,  France,  have  recently  described  monoclinic  feld- 
spars in  which  the  soda  is  present  in  a  molecularly  greater  amount 
than  the  potash.  This  has  been  confirmed  by  Dr.  W.  T.  Schaller  ^^ 
of  Washington,  who  has  suggested  for  the  new  monoclinic  modification 
of  soda  feldspar,  thus  shown  to  exist,  the  name  "  Barbierite "  in  honor 
of  its  discoverer.  F.  Angel  ^*  has  also  described  a  "  Soda  bearing, 
monoclinic  sanidine  containing  4.95%  Na20  and  6.75%  K2O  from 
Mitrowitza.  x\lthough  anorthoclase  appears  to  be  triclinic  at  ordi- 
nary temperatures  it  is  worthy  of  note  that  according  to  Forstner  '^ 
it  becomes  monoclinic  at  higher  temperatures. 

It  appears  to  the  writer  that  at  the  temperature  of  crystallization 
we  may  assume  that  the  potash  and  soda-feldspars  form  mixed- 
crystals  of  Type  1,  and  that  this  condition  of  equilibrium  continues  to 
hold  for  an  interv^al,  probably  a  short  one,  below  this  temperature. 
With  lowering  temperatures  both  of  the  components  may  pass  through 
an  inversion  point,  going  over  into  other  crystalline  modifications, 
albite  and  microcline.  This  produces  a  radical  change  in  the  equili- 
brium of  the  system,  with  the  result  that  there  is  an  unmixing  of  the 
original  mixed-crystal  phase,  and  the  formation  of  two  new  mixed- 
crystal  phases  having  a  eutectic  point  between  them  —  that  is,  they 
pass  from  Type  1  of  Roosebooms'  to  Type  V.  One  of  these  phases 
is  albite,  or  a  highly  sodic  feldspar  of  the  albite  type,  holding  still  in 
solution  some  of  the  other  component,  and  the  other  is  a  microcline 
likewise  with  some  albite  dissolved  in  it.  If  this  be  so,  it  would  appear 
that  the  alkali  feldspars  exist  in  two  modifications  each,  an  a  and  a  ff 
form.  Vogt  ®®  has  discussed  this  question  for  microcline  and  arrived 
at  the  conclusion  that  orthoclase  and  microcline  stand  to  each  other 
in  the  relation  of  an  a  and  fi  form,  and  he  compares  the  poly  synthetic 


82  Bull.  80c.  Chem.,  p.  Ill  (1908). 

83  Bull.  No.  509,  U.  S.  Geological  Survey  (1912). 

84  Xeues  Jahrb.  fur  Min.,  Biel-Band,  30  (1910). 

85  Zeit.  f.  Kryst.,  etc.,  9,  p.  333  (1884). 

86  op.  cit.,  p.540. 
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inferred  from  the  thermal  properties  of  the  feldspars  as  revealed  by 
the  brilliant  work  of  Dr.  A.  L.  Day  ®^  and  his  associates  at  the  Geo- 
physical Laboratory  in  Washington,  D.  C.  On  account  of  their 
peculiar  thermal  properties  it  is  to  be  expected  that  except  under  the 
most  favorable  conditions,  critical  points  on  their  cooling  curves  will 
be  readily  passed  by  through  supercooling,  and  that  we  should  rather 
speak  of  critical  intervals  than  points.     For  the  same  reasons,  while 


87  The  Thermal  Properties  of  the  Feldspars,  Carnegie  Institution,  Washing- 
ton, D.  C,  (1905),  and  American  Journal  of  Science,  14  (Feb.,  1905). 
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the  feldspars  doubtless  tend  to  form  a  eutectic  mixture  theoretically, 
it  is  highly  probable  that  in  the  actual  crystallization  this  tendency 
may  often  fail  of  complete  realization,  and  that  Vogt's  term  "  anchi  *' 
—  approximate — may  be  appropriately  appUed  to  the  intergrowths 
of  the  two  feldspars  as  eutectics,  and  to  the  two  mixed-crystal  phases 
as  well. 

The  phenocrysts  of  lavas  and  of  the  contact  phases  of  an  intrusive 
igneous  mass,  like  the  one  under  consideration  in  the  present  paper, 
grow  with  relative  rapidity  and  are  then  frozen  in  the  quickly  consoli- 
dated groundmass.  These  are  precisely  the  conditions  which  are 
favorable  to  the  preservation  of  the  crystal  in  the  condition  in  which 
it  first  formed,  even  after  the  temperature  falls  below  a  possible 
transition  point,  provided  the  tendency  to  readjustment,  which  would 
normally  ensue,  is  not  very  strong,  and  the  actual  change  itself  is 
hindered  sufficiently  by  the  molecular  immobility  of  the  now  solid 
crystal  as  well  as  by  the  relatively  rigid  surroundings.  In  other  words, 
a  phase,  stable  at  higher  temperatures,  is  caught  by  the  quenching  of 
the  magma  and  rendered  relatively  stable  at  lower  temperatures.  If 
a  crystal  in  a  metastable  condition  be  long  held  at  a  temperature,  at 
or  below,  its  transition  point,  or  is  acted  upon  at  relatively  high  tem- 
peratures by  a  liquid  or  vapor,  especially  if  the  stable  phase  is  present, 
it  will,  as  is  well  known,  generally  go  over  to  the  stable  phase.  Pre- 
cisely this  thing  appears  to  have  occurred  in  the  case  of  the  feldspar 
phenocrysts  of  the  Blue  Hill  porphyries.  Parts,  perhaps  almost  the 
entire  phenocryst  of  feldspar,  will  be,  so  far  as  the  microscope  shows, 
of  entirely  homogeneous  structure,  but  through  this,  streaks  and 
patches  are  found,  pf  cryptoperthite  or  very  fine  microperthite.  As 
we  approach  the  margin  of  the  crystal  the  same  thing  is  observed,  and 
the  crystal  for  an  indefinite,  short  distance  from  the  margin  consists 
of  a  perthitic  intergrowth.  The  streaks  and  patches  in  the  inner 
parts  of  the  crystal  are  beheved  to  be  due  to  an  unmixing  under  the 
action  of  long  continued  heat,  accompanied  probably  by  the  action 
of  heated  vapors  or  solutions  permeating  the  rock.  The  marginal 
microperthite  may  be  due  to  the  same  cause,  but  it  seems  more  probable 
that  at  the  time  when  this  grew  the  temperature  had  fallen  to  a 
point  below  the  transition  interval,  and  the  two  phases  separated  more 
or  less  completely,  forming  the  crypto-  or  microperthite;  the  crypto- 
perthite here,  and  in  general,  representing  a  structure  resulting  under 
conditions  less  favorable  to  a  free  unmixing  than  the  microperthite. 
It  is  to  be  noted  that  the  generally  widespread  and  clearly  marked 
recrystallization  of  the  phenocrysts  in  the  porphyries  is,  it  is  believed, 
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xvegaraing  me  cuiiiposiiioii  oi  lue  suuzi-puuisii-ieiuspar  euiectic, 
there  is  still,  as  is  to  be  expected,  both  on  account  of  the  peculiar 
physical  properties  of  the  feldspars  alluded  to  above,  as  well  as  on 
account  of  the  character  of  the  available  evidence  bearing  on  the 
question,  much  uncertainty.  The  approximate  compositions  of  the 
feldspars,  as  calculated  from  the  analyses  of  the  Quincy-Blue  Hill 
rocks,  show  some  divergence  from  the  figures  worked  out  by  Vogt. 
The  limiting  values  for  the  concentrations  of  one  feldspar  in  the  other, 
as  given  by  that  author,  appear  to  the  writer  as  being  open  to  some 
question.  In  the  present  rocks  the  sodic  member,  so  far  as  can  be 
told,  appears  to  be  a  very  pure  albite,  likewise  the  potash  member 
seems  to  be  a  highly  potassic  microcline.  It  would  appear,  if  the 
writer's  deductions  are  correct,  that  the  concentrations  of  the  two 
feldspars  in  the  mixed  crystal  phases  may  be  lower,  at  least  for  the 
highly  alkalic  feldspars,  than  is  indicated  by  the  figures  of  Vogt. 
That  the  eutectic  composition  lies  in  the  general  region  indicated  by 
him  appears  probable.  It  is  of  course  true  that  Vogt's  conclusions 
include  more  calcic  plagioclases  than  are  concerned  in  the  present  case, 
and  it  seems  not  improbable  that  with  the  presence  of  more  of  the 
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molecular  mobility  and  opeimess  of  structure,  if  we  may  use  such  a 
term  in  this  connection,  to  favor  the  introduction  of  extraneous 
material,  aegirite,  etc?  Does  not  also  the  presence  of  the  innumerable, 
minute  vesicles  in  part,  at  least,  date  from  this  period  of  change?  It 
is  of  course  possible  that  the  aegirite,  etc.  represents  material  that 
was  originally  held  in  solution  in  the  feldspar  material,  and  that  it 
separated  out  during  the  unmixing  of  the  original  crystal.  No  micro- 
liths  of  aegirite  nor  of  any  other  mineral  appear  in  the  homogeneous 
parts  of  the  phenocrysts  in  the  granite-porphyry,  and  this  alone  is  be- 
lieved to  be  very  strong  evidence  that  they  made  their  appearance 
during  the  unmixing  and  probably  by  introduction  from  sources  out- 
side the  feldspar  crystals  themselves.  This  has,  of  course,  no  con- 
nection with  those  microlithes  and  larger  crystal  grains,  such  as  the 
riebeckite,  which  are  connected  with  later  alterations  in  the  rocks. 
In  this  connection  it  is  perhaps  worth  noting  that  the  pyroxene  and 
amphiboles  may  also  undergo  transformations  of  which  we  have  as 
yet  no  definite  information. 


Summary. 

The  alkaline  granitic  magma  of  Quincy  and  the  Blue  Hills  was 
intruded  as  a  small  batholithic  mass,  later  than  the  middle  Cambrian, 
but  earlier  than  the  late  carboniferous  period.  The  method  of  in- 
trusion is  believed  to  have  been  one  of  "stoping."  The  magma  as  a 
whole  is  believed  to  have  stoped  its  way  upward  to  a  relatively  high 
elevation  in  the  pre-existing  formations,  and  a  considerable  portion  of 
it  reached  a  position  very  near  the  surface.  As  a  result,  the  upper 
portions  consolidated  to  highly  vitreous  rocks,  while  somewhat  lower 
portions  formed  thick  masses  of  porphyritic,  crystalline  rocks, — 
quartz-feldspar  and  granite-porphyries.  The  extreme  upper  portions 
were  perhaps  more  siliceous  and  richer  in  volatile  constituents,  which 
in  large  part  may  have  escaped ;  lower  portions  consolidated  without 
substantial  differentiation  or  change.  As  an  incident  to  intrusion, 
the  earlier  consolidated  portions  were  much  broken,  engulfed  in  the 
magma  beneath,  and  against  these,  as  against  the  original  contacts, 
the  residual  magma  consolidated  with  a  varying  degree  of  chilling, 
according  to  position.  At  considerably  lower  contact  levels  now 
exposed  in  the  eastern  part  of  the  field,  the  magma  consolidated  with 
a  marginal  zone  of  fine-granite  as  the  contact  phase.  Here  also  the 
first  formed  rock  was  intruded  by,  broken  up,  and  to  some  extent 
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The  feldspar  is  substantially  a  mixture  of  soda  and  potash  molecules. 
In  the  phenocrysts  of  the  porphyries  much  of  it  appears  as  a  homo- 
geneous mixture  of  the  two.  Irregularly  through  parts  of  the  pheno- 
crysts, and  toward  their  margins,  cryptoperthite  or  microperthite 
appears.  A  later  growth  of  fine  microperthite  attached  to  the  pheno- 
crysts, but  of  groundmass  age,  occurs.  The  feldspar  of  the  ground- 
mass  is  microperthite.  In  the  granites,  the  feldspar  is  substantially 
all  microperthite,  a  little  free  albite  occurring  about  the  ends  and  sides 
of  the  crystals.  The  microperthite  throughout,  so  far  as  can  be  told, 
is  a  microcline-albite  microperthite.  Later  changes  of  a  deep-seated 
character  have  profoimdly  altered  much  of  the  phenocrystalline 
feldspar  of  the  porphyries,  either  recrystallizing  it  to  an  aggregate 
of  albite  and  microcline,  or  in  part  replacing  it  with  albite.  Similar 
replacements  have  occurred  to  some  extent  in  the  granitic  feldspar. 

The  predominant  dark  silicate  is  hornblende,  of  which  two  varieties 
appear.  One  of  these  is  riebeckite  or  a  closely  allied  type,  the  other 
appears  to  be  closely  related  to  the  cataphorites.  Both  are  generally 
present:  on  the  whole  the  riebeckitic  variety  clearly  predominates 
and  hence  the  rocks  have  been  characterized  as  riebeckitic.  The 
predominant  pyroxene,  by  a  wide  margin,  is  aegirite.  In  the  most 
basic  member  of  the  rock-series  a  variety  of  pyroxene  rich  in  the  cal- 
cium-ferrous iron  molecule  appears.  This  is  found  to  a  very  small 
extent  in  the  more  siliceous  porphyries  but  gives  place  to  a  more 
highly  sodic  type,  which  also  occurs  in  the  granites  to  a  small  extent. 
The  rare  mineral  aenigmatite  occurs  in  the  granite  and  in  the  granite- 
porphyry. 

The  predominant  molecules  in  the  hornblendes  are:  —  Na2Fe2Si40i2, 
(R'2,R")  Fe2Si40i2  —  where  R'  is  soda  with  small  amounts  of  fluorine 
and  hydroxyl,  and  R",  ferrous  iron  chiefly  —  and  Fe4Si40i2:  In  the 
pyroxenes  Na2Fe2Si40i2  strongly  predominates  but  Ca  Fe  Si206  is 
often  present.  The  conditions  determining  the  formation  of  these 
minerals  is  very  obscure,  but  slight  variations  in  the  concentrations 
of  the  constituent  oxides  present,  local  variations  in  the  amounts  of 
mineralizers,  particularly  fluorine,  and  the  rate  of  cooling,  are  doubtless 
the  most  important  factors  concerned. 

The  hornblendes  are  readily  effected  by  alteration,  and  change  first 
to  a  deep-blue,  riebeckitic  or  crocidolitic  variety  and  eventually 
change  to  magnetite  and  other  iron  oxides.  The  aegirite  is  less  readily 
altered. 

Alteration,  deep-seated  or  superficial  has  not  much  effected  the 
granites,  except  locally,  but  the  porphyritic  rocks  have  suffered  more 
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generally,  so  much  so,  that  their  original  structures  are  often  pro- 
foundly changed. 

Quartz  and  a  soda-potash  feldspar  (mixed  crystal)  appear  as  the 
first  crystallizations  from  the  porphyry  magma,  followed  closely  by 
the  less  sodic-pyroxenes.  It  is  thought,  however,  that  the  feldspar 
was  the  first  crystalline  phase  to  form  normally,  followed  quickly  by 
the  quartz  and  pyroxene.  These  were  followed  by  the  other  minerals. 
It  is  inferred  that  in  the  granite  the  order  of  crystallization  was  sub- 
stantially the  same  as  that  of  the  granite-porphyry.  In  the  porphyries 
there  was  a  sharply  marked  pause  closing  the  phenocrystalline  stage 
of  growth,  due,  it  is  believed,  to  supersaturation,  after  which  crystalliza- 
tion was  resumed,  but  about  vastly  more  numerous  centers,  the  various 
minerals  continuing  to  grow  almost  or  quite  simultaneously,  in  part 
attaching  themselves  to  the  earlier  formed  crystals,  but  largely  forming 
a  fined  grained  groundmass,  in  part  with  a  poikilitic  fabric.  In  the 
porphyritic  phase  of  the  granite,  into  which  the  granite-porphyry 
passes,  the  pause  in  the  progress  of  the  crystallization  was  less  marked, 
and  in  the  normal  granite  it  did  not  occur,  owing  to  the  more  perfect 
conditions  of  equilibrium  conditioned  by  very  slow  cooling.  The 
later  crystallizations  added  themselves  to  the  crystals  already  present, 
and  thus  obliterated  all  distinction  between  phenocrysts  and  ground- 
mass. 

It  is  held  that  the  granite-porphyry  represents  substantially  the 
composition  of  the  magma  as  intruded,  and  that  beneath  this  protect- 
ing cover  the  remaining  magma  was  able  to  differentiate  to  a  small  ex- 
tent forming  a  more  basic  phase,  the  rhombenporphyry,  itself  becoming 
in  consequence  more  siliceous.  Assuming  that  by  this  differentiation 
the  granite  moves  toward  a  eutectic  composition,  which  is  by  no  means 
a  necessary  or  certain  procedure,  it  is  pointed  out  that  the  propor- 
tions of  quartz  to  the  feldspars  departs  quite  widely  from  the  granite 
eutectic  proportions  as  estimated  by  Vogt.  In  fact  the  proportions 
of  these  minerals  in  the  granite-porphyry  is  nearer  to  Vogt*s  eutectic 
ratio  than  are  those  of  the  granite,  which  appears  to  be  a  variation 
in  the  wrong  direction  to  agree  with  his  theory.  The  effect  of  the 
presence  of  the  sodic-iron  silicates  on  the  composition  of  a  possible 
eutectic  is  not  yet  determinable,  and  in  any  case,  the  composition  of 
the  granite  eutectic  appears  to  be  a  very  open  question. 

It  is  suggested  that  the  potash  and  highly  sodic-feldspars  may  first 
crystallize  as  homogeneous  mLxed-crystals  (type  I,  of  Rooseboom) 
and  at  somewhat  lower  temperatures  pass  though  a  transition  point, 
or  interval,  becoming  then  only  partially  miscible  in  the  solid  state. 
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with  a  eutectic  point  between  the  two  resulting  types  of  mixed  crystab, 
albite  and  microcline  (type  V  of  Rooseboom).  The  homogeneous 
feldspar  phenocrysts,  or  such  parts  of  them  as  are  still  homogeneous, 
represent  the  first  formed  type  caught  in  the  rapidly  chilled  magma, 
and  now  exist  in  an  unstable  condition.  The  cryptoperthite  and 
microperthite  generally  throughout  the  porphyries,  and  granites,  are 
regarded  as  the  result  of  an  unmixing  below  the  transition  point  or 
interval,  and  probably  represent  an  approximate  eutectic  mixture, 
or  a  true  eutectic,  provided  that  the  readjustment  had  time  to  complete 
itself.  It  is  suggested  that  the  prominence  of  the  albite  phase  about 
the  margins  of  the  granitic  microperthite  crystals,  and  elsewhere  in 
the  rocks  as  an  apparently  late  crystallization,  is  due,  in  part  at  least, 
to  the  excess  over  eutectic  proportions  of  that  constituent  in  the 
original  mixed-crystals,  and  that  it  was  set  free  during  the  unmixing 
and  thus  became  active  during  the  late  stages  of  crystallization. 
This  period  of  immixing  was  probably  that  during  which  the  aegirite 
microliths,  etc.  were  introduced  into  the  feldspar  of  the  granite. 
This  and  the  albite  crystallizations  were  doubtless  aided  by  the  last 
liquids  (mineralizers)  of  the  magma.  It  is  thought  that,  at  least  for 
mixtures  containing  as  in  the  present  case,  a  highly  sodic  member, 
the  concentrations  of  one  feldspar  in  the  other  in  the  two  phases  of 
the  eutectic  mixture,  are  probably  not  as  great  as  those  calculated  by 
Vogt,  and  that  the  true  eutectic  proportions  may  depart  somewhat 
from  the  value  deduced  by  him,  but  that  this  value  is  not  much  in 
error. 

It  is  pointed  out  that  following  the  transformations  which  are  be- 
lieved to  have  taken  place  during  the  late  magmatic  period,  there 
were  further  and  more  or  less  profound  alterations  of  a  deep-seated 
character  in  the  minerals  of  the  porphyries,  and  to  a  less  extent  in  the 
granites.  Subsequent  surface  alteration  has,  in  many  localities,  re- 
sulted in  still  further  changes  chiefly  affecting  the  iron-bearing  sili- 
cates. 

The  characteristics  of  these  rocks  show  a  close  analogy  in  many 
respects  to  those  described  for  other  intrusions  of  riebeckite-aegirite 
granites,  and  in  this  respect  are  in  general  agreement  with  the  gener- 
alizations of  Murgoci  regarding  this  class  of  rocks. 

Department  of  Geology. 

Massachusetts  Institute  of  Technology. 
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PLATE  1. 

Fig.  I. —  Granite-Porphyry,  Rattlesnake  Hill,  Blue  Hills.  At  the  bottom  on 
the  right,  is  a  pyroxene  crystal  surrounded  by  poikolitic  hornblende  enclosing 
groundmass  grains;  above  appears  a  cluster  of  aenigmatite  grains;  on  the  left, 
below,  is  a  cross-section  of  a  pyroxene  crystal  with  a  small  slightly  darker 
margin  of  aegirite;  above  is  a  massive  hornblende  becoming  poikolitic  out- 
wardly and  then  showing  enclosed  groundmass  grains.  With  the  exception 
of  a  small  phenocrysts  of  feldspar,  barely  seen  just  above  the  center,  the  rest 
of  the  section  is  all  groundmass  in  which  tiny  microliths  of  aegirite  can  be 
seen. 

Photomicrograph,  plane  light.    Magnification  about  15  diams. 

Fig.  II. —  Granite-Porphyry,  Sassoman  Pass,  Blue  Hills.  On  the  right  is 
shown  the  edge  of  a  large  phenocryst  of  nearly  homogeneous  soda-potash 
feldspar  terminated  by  a  sharply  marked  line  outside  of  which  is  a  narrow 
margin  of  microperthite  enclosing  tiny  groundmass  crystals;  near  the  bottom 
is  a  small  phenocryst  of  feldspar  with  a  relatively  broad,  later  rim;  the  rim 
shows  a  delicate  perthite  structure  which  is  also  developed  for  a  short  distance 
within  the  inner  and  earlier  formed  part.  A  similar  phenocryst  appears  at  the 
top  of  the  section.  At  the  extreme  lower  side  is  seen  a  small  phenocryst  of 
relatively  late  age  enveloped  by  a  relatively  very  wide  rim  of  later  age.  In 
this  rim  are  minute  enclosures  of  groimdmass  grains.  The  dark  part  of  the 
field  is  hornblende,  poikolitically  enclosing  feldspar  (microperthite)  and  quartz 
crystals. 

Microphotograph,  plane  light.    Magnification  about  25  diams. 

Figure  III. —  Granite-Porphyry,  Rattlesnake  Hill,  Blue  Hills.  This  shows 
a  phenocryst  of  soda^potash  feldspar  surrounded  by  a  narrow  rim  of  later 
microperthite  enclosing  groundmass  grains.  There  is  a  faint  perthite  structure 
developed  in  the  inside  portion  of  the  phenocrysts  next  the  rim  but  this  is  very 
indistinctly  shown  with  the  magnification  used.  The  phenocryst  is  crossed 
by  streaks  representing  cracks  sealed  with  albite.  A  part  of  the  body  of  the 
crystal  has  suffered  a  recrystallization,  shown  as  flower-like  areas. 

Microphotograph,  crossed  nicols.     Magnification  about  25  diams. 

Fig.  IVa. —  Granite-Porphjrry,  Chicatawbut  Hill,  Blue  Hills.  This  shows 
one  end  of  a  largely  recrystallized  feldspar  phenocryst.  The  boundary  of 
the  phenocryst  is  marked  by  a  sharp  line  outside  of  which  is  a  rim  of  later 
groundmass  age.  Old  cracks,  now  sealed  with  albite,  and  having  a  deposit  of 
minute  aegirite  microliths  on  either  side  of  them  cross  the  phenocryst. 

Microphotograph,  plane  polarized  light.     Magnification  about  25  diams. 

Fig.  IVb. —  Same  as  fig.  IVa,  but  with  crossed  nicols.  Nearly  the  whole 
interior  of  the  phenocryst  is  seen  to  be  recrystallized  to  a  fine  aggregate  of 
feldspar-microcline  and  albite.  A  good  part  of  the  crystals  stand  normal  to 
the  direction  of  the  albite  streaks  which  are  seen  to  run  into  the  marginal 
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parts  of  the  original  feldspar  substance,  and  these  have  not  yet  suffered  recry- 
stallization,  having  been  of  more  stable  composition  than  the  interior. 

Fig.  V. —  Altered  granite-porphyry,  between  Hemingway  and  Hancock 
Hills,  Blue  Hills.  This  shows  the  remnants  of  two  feldspar  phenocrysts. 
All  that  remains  of  the  original  crystals  is  a  part  of  the  margin.  The  white 
streaks  of  albite,  which  mark  the  position  of  cracks  in  the  original  crystal, 
remain  (see  figs.  Ill  and  IV).  Between  these  is  now  a  mass  of  albite  and  micro- 
cline  grains  which  are  scarcely  distinguishable  from  the  surroimding  groimd- 
mass.  This  illustrates  an  extreme  stage  in  the  destruction  of  the  feldspar 
phenocrysts.  The  groundmass  still  shows  most  of  the  original  aegirite,  but 
the  hornblende  has  suffered  much  modification. 

Microphotograph,  crossed  nicols.     Magnification  about  25  diams. 


PLATE  2. 

Fig.  VI. —  Granite-porphyry  from  about  20  ft.  back  from  the  contact,  east 
of  sunmiit  Pine  Hill,  West.  Quincy.  Shows  a  feldspar  phenocryst  crossed  by 
43treak8  of  albite  and  recrystallized  to  a  curiously  mottled  microperthite. 
About  the  end  of  the  crystal  is  seen  a  micrographic  intergrowth  of  quartz  and 
feldspar.  The  groimdmass  is  here  much  coarser  in  grain  than  in  the  porphyry 
•of  the  Rattlesnake  Hill  type  and  the  grain  is  fast  approaching  that  of  the  gran- 
ite into  which  this  rock  passes  within  about  twenty  feet. 

Microphotograph,  crossed  nicols.    Magnification  about  25  diameters. 

Fig.  Vila. —  Quartz-feldspar-porphyry,  from  near  the  top  of  Hemingway 
Hill,  Blue  Hills.  This  shows  the  greater  part  of  a  feldspar  phenocryst  which 
has  undergone  a  partial  and  unusual  alteration.  Considerable  portions  of  it 
•are  still  a  perfectly  homogeneous,  but  about  its  margins,  also  along  the  edges  of 
a  break  which  crosses  it,  it  has  been  replaced  by  a  narrow  band  of  normally 
•orientated  lath-like  cr>'stals  of  albite  and  microcline.  A  large  part  of  the  in- 
terior has  been  changed  to  small  areas  of  microperthite  of  curious  pattern 
(see  Figure  Vllb).  The  groundmass  has  been  forced  in  along  the  break 
referred  to. 

Microphotograph,  crossed  nicols.     Magnification  about  25  diams. 

Fig.  Vllb. —  Same  section  as  Figure  Vila.  Shows  a  feldspar  phenocr3rst  to 
i9ome  extent  broken  and  entirely  changed  to  a  curious  aggregate  of  small 
microperthite  areas.  The  structure  of  these  areas  is  irregular  and  slightly 
divergent  giving  the  effect  of  a  curious  and  beautiful  tracery. 

Microphotograph,  crossed  nicols.     Magnification  about  25  diams. 

Fig.  Villa. —  Rhombenporph>Ty  Xenolith,  Pine  Hill  Area,  West  Quincy. 
Shows  a  characteristic  phenocr>'st  of  soda-orthoclase  (anorthoclase?)  The 
shape  of  the  crystal  is  characteristic  of  much  of  the  feldspar  in  the  rhomben- 
porphyr>'  as  a  whole,  likewise  the  minute  rod-like  pyroxene  microliths,  located 
just  outside  the  sharply  marked  boundary  but  lying  in  a  band  of  feldspar 
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substance  attached  to  the  phenocryst.    The  groundmass  consisfs«dt*i]^cro- 
perthite  and  pyroxene  with  some  hornblende.  •*..•*  * 

Microphotograph,  plane  light.    Magnification  about  15  diams.        *  *       y 

Fig.  Vlllb. —  Same  crystal  as  in  Figure  Villa  but  with  crossed  nicols.    Tlie 
attached  border  of  microperthite  of  groimdmass  age  is  well  shown.  *  •• 

Fig.  IX. —  Rhombenporphyry,  Fine  Hill  Area,  West  Quincy.    This  shows  a  ' 
composite  feldspar  phenocryst,  the  acutely  terminated  points  of  the  crystals 
pointing  the  same  way.    The  development  of  minute  pyroxene  microliths  in 
the  marginal  growth  of  feldspar  just  outside  the  boimdary  of  the  original  phen- 
ocryst is  well  shown. 

Microphotograph,  plane  light.    Magnification  about  15  diams. 
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strikingly  from  the  distinct  dimorphism  of  the  bracts,  running  with 
considerable  uniformity  through  the  whole  Coreopsis  series,  as  to 
deserve  generic  rank.  The  bracts  are  imbricated  in  two  rows,  sub- 
equal  and  all  similar,  subherbaceous,  and  ovate,  which  in  connection 
with  the  cvTnosely  panicled  small  heads  makes  the  genus  easy  of  recog- 
nition. 

A  scapose  Mexican  perennial,  Lepiosyne  pinnata  Robinson,  described 
from  material  without  ripe  fruit  and  referred  to  this  genus  with  con- 
siderable doubt,  proves  to  confirm  in  achenial  characters  the  distinct- 
ness already  suggested  by  habit  and  is  described  further  on  as  a  new 
genus. 

The  relation  of  the  groups  in  question  would  seem  to  be  best  shown 
thus: 

COREOPSIS  L.  (icopts  bug,  and  6^t$  likeness,  from  the  form 
of  the  achene  in  the  original  species,  C.  lanceolaia  L.)  Heads  radiate 
or  rarely  and  abnormally  discoid,  the  flowers  all  yellow;  rays  neutral 
or  styliferous  and  fertile  or  rarely  sterile,  disk-flowers  mostly  fertile. 
Involucre  double ^  scales  of  each  series  slightly  connate  at  base;  the  inner 
membranaceous,  1-2-rowed,  brovm  or  yellow;  the  outer  narrower  {except 
in  C.  calliopisidea),  herbaceous ,  usually  shorter  than  the  inner.  Recep- 
tacle flat  or  nearly  so;  pales  flat,  membranaceous.  Ray-florets  ligu- 
late,  entire  or  2^-dentate;  disk-florets  regular,  tubular,  with  slightly 
enlarged  throat  and  (4-)5-toothed  limb,  often  with  a  thickened  gla- 
brous or  pilose  ring  at  base  of  throat.  Anthers  entire  or  barely  bi- 
dentate  at  base.  Style-tips  truncate  or  with  short  subulate  hispid 
appendages.  Achenes  obcompressed,  sometimes  meniscoid  and  much 
thickened  on  one  face,  orbicular  to  oblong,  those  of  the  ray  when 
fertile  commonly  broader  than  the  others,  glabrous  or  pubescent, 
sometimes  villous  on  the  margins,  wingless  or  with  a  chartaceous  wing 
sometimes  pectinately  lobed,  epappose  or  with  two  teeth,  short  ciliate 
scales,  or  glabrous  or  upwardly  hispidulous  awns  or  scales,  or  with  a 
small  cupule  in  place  of  pappus. —  Herbs  or  rarely  shrubs,  glabrous  or 
pubescent.  Leaves  alternate  or  usually  opposite,  undivided  and 
entire  or  toothed,  or  ternate,  or  usually  ternately  or  pinnately  dis- 
sected. Heads  of  medium  size,  solitary  or  corymbose-panicled. — 
Gen.  263,  no.  670  (1737),  and  Sp.  PI.  ii.  907  (1753),  in  part. 

Subgenus  Leptosyne  (DC.)  Blake,  n.  comb.  Rays  styliferous, 
mostly  fertile,  rarely  neutral  in  the  section  Pugiopappus;  disk-flowers 
usually  with  a  thickened  and  generally  hairy  annulus  at  base  of  throat. 
—  Leptosyne  DC.  Prod.  v.  531  (1836);  Gray,  Proc.  Am.  Acad.  xvii. 
218  (1882),  Syn.  FI.  i.  pt.  2.  299  (1884).     Coreopsis  sect.  Leptosyne 
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O.  Hoffm.  in  Engler  &  Prantl,  Nat.  Pfl.  iv.  Ab.  5.  243  (1890)  (excluding 
Epilepis,  CoreocarpuSy  and  Acoma), —  Twelve  species,  ranging  from 
California  to  Guatemala,  chiefly  Mexican. 

Sect.  1.  Electra  (DC.)  Blake,  n.  comb.  Suffruticose,  with  oppo- 
site oval  to  lanceolate  coriaceous  sometimes  temately  parted  leaves. 
Heads  solitary  or  paniculate-corymbose,  radiate.  Outer  involucral 
scales  about  5,  oblong;  inner  about  8,  longer,  oval-oblong.  Rays 
about  5,  2-3-dentate,  oblong  to  elliptic,  fertile,  the  tube  pubes- 
cent; disk-flowers  with  pubescent  tube  shorter  than  the  cylindric- 
funnelform  throat,  and  (4-)5-toothed  limb;  annulus  none.  Style- 
branches  with  subulate  hispid  appendages.  Achenes  strongly  ob- 
compressed,  glabrous,  margined,  the  outer  broad,  the  inner  much 
narrower,  all  pappusless  or  the  inner  rarely  with  a  pair  of  smooth  slen- 
der awns.— AVfdra  DC.  Prod.  v.  630  (1836);  Gray,  PI.  Wright,  i. 
110,  footnote  (1852). —  Three  species  of  Mexico  and  Central  America. 

*  Heads  numerous  in  temate  corymbose  panicles. 

1.  C.  MEXICANA  (DC.)  Hemsl.  Shrubby,  nearly  glabrous,  0.6- 
2  m.  high;  leaves  lanceolate  to  lance-ovate,  acute  to  acuminate  at 
both  ends,  sharply  serrate,  often  trifoliately  cut  nearly  to  the  midrib, 
glabrate  on  both  sides  or  retaining  a  sparse  pubescence  chiefly  along 
the  veins,  the  blades  4-11  cm.  long,  on  narrowly  margined  j>etioles 
1-2.5  cm.  long;  heads  1-1.3  cm.  high,  2.5-4  cm.  in  diameter  including 
rays;  achenes  6-9  mm.  long. —  Biol.  Centr.-Am.  Bot.  ii.  196  (1881). 
Electra  mexicana  DC.  1.  c.  Electra  Galeottii  Gray,  1.  c.  Coreopsis 
Galeottii  Hemsl.  1.  c.  195. —  In  an  authentic  example  of  E,  mexicana 
in  the  Gray  Herbarium,  collected  by  Mendez,  the  tube  of  the  ray  is 
distinctly  hirtellous,  and  the  narrowly  lanceolate  leaves  still  show  a 
slight  appressed  pubescence  beneath,  while  one  of  the  younger  heads 
is  also  sparingly  hairy  at  the  base,  so  that  the  characters  relied  upon 
by  Dr.  Gray  in  separating  E.  Galeottii  entirely  fail  to  hold.  Galeotti 
2086,  represented  by  a  fragment  in  the  Gray  Herbarium,  as  well  as  the 
Baites  specimens  cited  in  the  original  description,  is  practically  gla- 
brous, while  Galeotti  2087  somewhat  approaches  the  next  form. 

Guanajuato:  "circa  Villalpando  ultra  Guanaxuato,"  Mendez 
(coTYPE  in  Gray  Herb.);  Guanajuato,  1895,  Z)ti</^  472;  near  Cader- 
eyta,  22  Aug.  1905,  Rose  9717;  Hidalgo:  sunny  rocky  slopes,  Pa- 
chuca,  Sept.  1905,  Purpus  1550;  clay  banks,  Dublan,  alt.  2070  m., 
15  Oct.  1902,  Pringle  9895;  Sierra  de  Pachuca,  2900  m.,  14  Sept. 
1899,  Pringle  8218;  near  Metepic  Station,  2530  m.,  20  Sept.  1904, 
Pringle  13041;  Mexico:  barranca  above  Santa  Fe,  2600  m.,  1  Sept. 
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1905,  Pringle  13547;  Oaxaca:  Cerro  San  Antonio,  1650  m.,  26  June 

1906,  Conzatti  1431;  Chiapas:  1864-1870,  Ghiesbreght  133,539  (both 
with  panicle  and  under  side  of  leaves  along  veins  loosely  pubescent) ; 
Mexico  without  locality:  1864,  Baites;  GaleoUi  2086,  2087  (types 
of  E.  Galeottii  Gray,  in  Gray  Herb.)-  Guatemala:  Dept.  Alta  Vera- 
paz,  Dec.  1907,  Turckheim  II  2043  (large-leaved) ;  Dept.  Amatitlan, 
near  Amatitlan,  20  July  1860,  Sidton  Hayes;  Dept.  Jalapa,  Laguna  de 
Ayarza,  Sept.  1892,  Heyde  &  Lux  3792. 

Ifi.  C.  MEXiCANA  (DC.)  Hemsl.  var.  hyperdasya  Blake,  n.  var., 
foliis  infra  ubique  dense  pubescentibus,  supra  venis  exceptis  glabratis 
vel  scabriusculis,  caulibus  et  geinmis  et  inflorescentia  fuscis  cum  pilis 
tomentosis  lente  subglabratis. —  Oaxaca  :  ravines  of  hills  near  Oaxaca, 
1830  m.,  Sept.  1894,  Pringle  4896  (type  sheet  in  Gray  Herb.);  La 
Carbonera,  2165  m.,  20  Sept.  1895,  L.  C.  Smith  808;  Cerro  de  San 
Felipe,  2000  m.,  1  Sept.  1897,  Conzatti  &  Ganzdlez  545,  546;  San  Juan 
del  Estado,  18  June  1894,  L,  C.  Smith  25;  near  Reyes,  1830-2290  m., 
17  Oct.  1894,  Nelson  1718  (approaching  the  next  form);  Hidalgo: 
Mineral  del  Monte,  C.  Ehrenberg  354. 

I7.  C.  MEXICANA  (DC.)  Hemsl.  var.  hyperdasya  Blake  f.  hole- 
tricha  Blake,  n.  forma,  foliis  parvis  utrimque  cineraceis  pube  densa 
subscabra. —  Puebla:  vicinity  of  San  Luis  Tultitlanapa,  July  1908, 
Purpus  3099  (type  sheet  in  Gray  Herb.). 

*  *  Heads  long-peduncled,  solitary  or  rarely  somewhat  panicled. 
•*-  Leaves  2-5  cm.  long,  cuneately  oblanceolate  or  obovate;   disk-corollas  5- 

toothed. 

2.  C.  CUNEIFOLIA  Greenm.  Suffruticose,  trichotomously  branched, 
the  young  gro^^^th  pubescent,  later  glabra te;  leaves  pale  green  espe- 
cially beneath,  with  a  few  loose  hairs  when  young,  mucronately  5-11- 
toothed  above  the  middle,  tai>ering  to  a  sessile  margined  base;  heads 
8-10  mm.  high,  2  cm.  across  the  rays. —  Proc.  Am.  Acad.  xl.  43  (1904). 
—  Jausco:  dr>'  rocky  mountains  above  Etzatlan,  2  Oct.  1903,  Pringle 
8781;  Sierra  de  San  Estaban,  near  Guadalajara,  1830  m.,  21  Oct. 
1903,  Pringle  1 1900;  Durango :  16  Aug.  1897,  Rose  2344. 

•*-  •*-  Leaves  1-2  cm.  long,  oval;  disk-corollas  4-toothed. 

3.  C.  panrifolia  Blake,  n.  sp.,  fruticosa  trichotome  ramosa  juven- 
tate  appresse  pubescens  denique  glabrata  cortice  cano;  foliis  parvis 
1-2  cm.  longis  ovalibus  supra  appresse  pubescentibus  infra  paullum 
crinitis  vel  glabratis  supra  partem  inferiorem  integram  utroque  ca. 
5-mucronato-<lentatis,  summis  imminutis  subintegris;  pedunculis 
solitariis  ramos  tenninantibus  3-C.5  cm.  longis  subpubescentibus; 
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capitulis  1-1.5  cm.  altis  3  cm.  diametro  (radiis  inclusis);  squamis 
exterioribus  subcrinitis  oblongo-spatulatis  obtusis,  interioribus  oblon- 
gis  obtusis  apice  fimbriatis  (8-10  mm.  longis  4-5  mm.  latis) ;  radiis  ca. 
5  ovalibus  13  mm.  longis  8  mm.  latis;  corollis  disci  7  mm.  longis  infra 
hirtellis  4-dentatis. —  Puebla.:  dry  rocky  hillsides,  Espc'anza,  Aug. 
1907,  Purpus  2581  (type  in  Gray  Herb.). 

Sect.  2.  Anathysana  Blake,  n.  sect.,  herbae  perennes  caulibus 
pluribus  radice  lignea  foliis  oppositis  integris  vel  pinna tiformibus  lobis 
paucis  filiformi-linearibus.  Involucrum  ut  apud  §1,  squamis  interiori- 
bus 8-12.  Flosculi  radii  fertiles;  ei  disci  saepius  exannulati.  Styli 
rami  apice  incrassati  breviter  appendiculati.  Achenia  ut  apud  §1, 
epapposa. —  Type  species  Leptosyne  mexicana  Gray  (=  C  q^clocarpa 
Blake). —  Three  si>ecies  of  Mexico  and  Socorro  Island. 

*  Leaves  entire,  linear-filiform. 

4.  C.  cyclocarpa  Blake,  n.  nom.  Stems  numerous  from  a  thick 
woody  base,  6-7  dm.  high,  slightly  pubescent  below;  leaves  2-6  cm. 
long,  entire  or  very  rarely  3-lobed  from  near  the  middle,  ciliate  at 
base;  heads  rather  few,  long-peduncled,  6-8  mm.  high,  1.5-2.5  cm. 
in  diameter  including  the  8-10  rays;  outer  scales  about  half  as  long 
as  inner;  disk-florets  exannulate. —  Leptosyne  mexicana  Gray,  in 
Wats.  Proc.  Am.  Acad.  xxii.  429  (1887),  not  C.  mexicana  (DC.)  Hemsl. 
(1881). —  Named  from  the  orbicular  indistinctly  margined  achenes, 
those  of  the  ray  4.5  by  4.5  mm. —  Jalisco:  Rio  Blanco,  Sept.  1886, 
Palmer  568  (type  of  L,  mexicana  in  Gray  Herb.) ;  near  Guadalajara, 
10  Sept.  1890,  Pringle  3570,  24  Sept.  1891,  Pringle  3841,  4  Oct.  1903, 
Pringle  11546. 

*  *  Leaves  pinnately  divided  into  3-7  linear  lobes,  the  uppermost  sometimes 

entire. 

-^  Heads  larger,  inner  involucre  6-8  mm.  long:  leaves  mostly  with  3  lateral 
pairs  of  lobes;  disk-flowers  with  hairy  annulus. 

5.  C.  pinnatisecta  Blake,  n.  nom.  In  habit,  pubescence,  and 
involucre  very  similar  to  the  last;  leaves  2-3  cm.  long,  the  lobes 
mucronate-tipped;  achenes  obovate,  3.5-4  mm.  long,  2.5  mm.  broad. — 
Leptosyne  Pringlei  Rob.  &  Greenm.  Am.  Journ.  Sci.  ser.  3.  1.  155 
(1895),  not  C.  Pringlei  Rob.  Proc.  Am.  Acad,  xliii.  41(1937).— 
Oaxaca:  Sierra  de  San  Felipe,  2135  m.,  7  Aug.  1894,  Pringle  4871 
(type  in  Gray  Herb.);  Plebla:  Cerro  de  Paxtle,  near  San  Luis 
Tultitlanapa,  Sept.  1909,  Purpus  4098. 
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•«-  •*-  Heads  smaller,  inner  scales  4-5  mm.  long;  leaves  mostly  with  1  pair  of 
lobes;  disk-flowers  exannulate. 

6.  C.  insularis  (Brandeg.)  Blake,  n.  comb.  Decumbent  (base 
unknown),  nearly  glabrous;  leaves  1-2.5  cm.  long,  3-5-lobed;  heads 
axillary  and  terminal,  about  1.3  cm.  in  diameter  including  the  small 
rays;  outer  bracts  f  as  long  as  inner;  achene  4.2  mm.  long. —  Lcpto- 
syne  insularis  Brandeg.  Erythea  vii.  5  (1899). —  SocoRRO  Island: 
March-June  1897,  Anthony  394  (type  collection)  :  27  May-3  July 
1903,  F.  E.  Bark-clew  223. 

Sect.  3.  Tuckermannia  (Nutt.)  Blake,  n.  comb.  Stout  perennials, 
with  alternate  fleshy  2-3-pinnately  dissected  leaves  and  large  heads. 
Outer  involucral  scales  5-8,  lance-oblong,  about  equaling  the  inner; 
the  latter  about  12,  oblong.  Rays  large,  fertile.  Disk-flowers  with 
nearly  glabrous  annulus.  Achenes  obcompressed,  glabrous,  narrowly 
winged,  epappose  or  rarely  ^ith  margins  produced  into  short  teeth  or 
awns. —  Tuckermannia  Nutt.  Trans.  Am.  Philos.  Soc.  ser.  2.  vii.  363 
(1841).  Leptosyne  sect.  Tuckermannia  Gray,  Bot.  Calif,  i.  356  (1876), 
&  Syn.  Fl.  i.  pt.  2.  300  (1884).— Two  species  of  California,  Lower 
California,  and  adjacent  islands. 

*  Heads  few,  on  very  long  naked  peduncles,  6-8  cm.  broad  including  rays. 

7.  C.  MARiTiMA  (Nutt.)  Hook.  fil.  Stems  fleshy-herbaceous, 
spreading,  3-8  dm.  high,  from  a  thick  woody  base;  leaf-lobes  linear, 
1.5-3  mm.  broad;  peduncles  2-5  dm.  long;  rays  14-20;  achenes 
rarely  with  2  teeth  or  awns.—  Bot.  Mag.  t.  6241  (1876).  Tucker- 
mannia  maritima  Nutt.  1.  c.  Leptosyne  maritima  Gray,  Proc.  Am. 
Acad.  vii.  358  (1868). —  Coast  of  San  Diego  County,  California, 
northern  Lower  California,  and  adjacent  islands. 

♦  *  Heads  numerous,  cymosely  clustered  toward  tips  of  branches  on  peduncles 

mostly  1-1.5  dm.  long,  smaller  (5-6  cm.  broad). 

8.  C.  gigantea  (Kellogg)  Hall.  Stems  fleshy-woody,  erect,  3-30 
dm.  high,  often  1  dm.  thick;  leaves  mostly  clustered  toward  tips  of 
branches;  leaf -lobes  finer,  1-1.5  mm.  broad;  rays  10-16;  pappus 
none. —  Univ.  Calif.  Pub.  Bot.  iii.  142  (1907).  Leptosyne  gigantea 
Kell.  Proc.  Calif.  Acad.  iv.  198  (1872).—  Coast  of  southern  California 
and  islands,  from  Los  Angeles  County  to  San  Luis  Obispo  County; 
also  Guadalupe  Island,  Lower  California. —  A  form  occurs  on  San 
Nicolas  Island  {Blanx^he  Trask  76,  in  part)  with  discoid  heads,  the 
receptacle  very  chaffy,  the  disk-florets  showing  dialysis  of  corolla 
with  more  or  less  complete  abortion  of  sexual  organs. 

Sect.  4.     Pugiopappus  (Gray)  Blake,  n.  comb.     Annuals,  branched 
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from  the  base,  with  2-3-pinnatifid  leaves  mostly  basal,  and  medium- 
sized  heads  solitary  on  long  nearly  naked  peduncles.  Outer  involucral 
scales  5-7;  inner  about  8.  Rays  usually  styliferous  and  fertile,  some- 
times neutral  or  with  short  included  styles,  broad  and  man>'-nerved. 
Disk-flowers  with  bearded  ring.  Achenes  dimorphous:  those  of  ray 
epappose,  corky-margined  and  more  or  less  corky-ridged  on  the  faces ; 
those  of  disk  long-villous  on  margins,  bearing  a  pair  of  linear-lanceolate 
denticulate  paleae. —  Agarista  DC.  Prod.  v.  569  (1836),  not  D.  Don 
1834  (Ericaceae).  Prigiopappus  Gray,  Pacif.  R.  Rep.  iv.  104  (1857). 
Leptosyne  sect.  Pugiopappus  Gray,  Syn.  Fl.  I.  c. —  Two  species  of 
southern  California. 

*  Outer  scales  linear-lanceolate. 

9.  C.  BiGELOVii  (Gray)  Hall.  Simple  or  branched  below,  1-6  dm. 
high;  leaves  5-10  cm.  long,  or  smaller  in  starved  specimens;  outer 
scales  6-11  mm.  long,  the  inner  ovate,  8-12  mm.  long;  rays  1-2  cm. 
long;  disk-achenes  black,  6  mm.  long,  glabrous  on  both  faces  or 
slightly  pubescent  on  inner,  twice  as  long  as  the  awns. —  Univ.  Calif. 
Pub.  Bot.  iii.  141  (1907).  Pugiopappus  Bigehvii  Gray,  Pacif.  R.  Rep. 
I.  c.  Leptosyjie  Bigelovii  Gray,  Syn.  FI.  1.  c.  P.  Breiceri  Gray,  Proc. 
Am.  Acad.  \iii.  660  (1873).  L.  hamiltonii  Elmer,  Bot.  Gaz.  xli.  323 
(1906). —  Southern  California,  not  on  the  coast,  from  Tulare  County 
to  the  Colorado  Desert. —  The  annulus  of  the  disk-flowers,  in  the 
types  and  other  specimens  examined,  is  very  distinctly  bearded,  not 
glabrous  as  originally  described  and  as  repeated  in  the  SjTioptic  Flora 
and  by  Hall. 

*  *  Outer  scales  deltoid-ovate. 

10.  C.  CALLioPSiDEA  (DC.)  Gray.  Rather  stouter  and  more  leafy- 
stemmed,  with  broader  leaf-lobes;  outer  scales  united  for  about  half 
their  length,  the  free  deltoid  tips  5-6  mm.  long;  inner  scales  1 1-14  mm. 
long;  rays  1-2.5  cm.  long;  disk-achenes  villous  on  inner  face,  nearly 
equaled  by  their  pappus. —  Bot.  Mex.  Bound.  90  (1859).  Agarista 
calliopsidea  DC.  Prod.  v.  569  (1836).  Leptosyne  calliopsidca  Gray, 
S^Ti.  Fl.  1.  c.  L.  calliopsidea  var.  nana  Gray,  I.  c.  (a  dwarfed  form). 
Pugiopappus  calliopsidea  Gray,  Proc.  Am.  Acad.  viii.  660  (1873). 
P.  calliopsideus  Gray,  Bot.  Calif,  i.  355  (1876). —  Southern  California, 
from  Cholame  (San  Luis  Obispo  County)  to  Santa  Barbara  County 
and  the  Mohave  Desert;  north  to  middle  California  according  to  Hall. 

Sect.  5.  Euleptosyne  (Gray)  Blake,  n.  comb.  Similar  to  last  sec- 
tion in  habit  and  involucre  (outer  scales  linear) ;  rays  glabrous,  fertile. 
Disk-flowers  with  an  annulus,  nearly  glabrous  in  one  si>ecies.    Style- 
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branches  enlarged  at  tip,  short-appendaged.  Achenes  corky-winged, 
sometimes  meniscoid,  with  a  cupule  in  place  of  pappus. —  Leptosyne 
sect.  Enleptosyne  Gray,  SjTi.  Fl.  i.  pt.  2.  299  (1884).—  Ta\o  species  of 
Arizona,  California,  and  northern  Lower  California. 

*  Achenes  with  numerous  cla vallate  hairs  on  both  faces;   disk-corollas  with 

bearded  annulus;    leaf-divisions  nearly  filiform. 

11.  C.  DouGLASii  (DC.)  Hall.  Scapes  solitary  or  few,  1-3.5  dm. 
high;  leaves  chiefly  in  a  dense  basal  tuft,  entire  or  mostly  1-2-pin- 
nately  dissected  into  linear-filiform  lobes,  2-10  cm.  long;  outer  in- 
volucral  scales  hnear,  5-8  mm.  long;  inner  yellow,  scarious-margined, 
multinervose,  ovate,  slightly  longer. —  Univ.  Calif.  Pub.  Bot.  iii.  140 
(1907).  Leptosyne  Douglasii  DC.  Prod.  v.  531  (1836).  L.  californica 
Nutt.  Trans.  Am.  Philos.  Soc.  ser.  2.  vii.  363  (1841).  L.  Xewberryi 
Gray,  Proc.  Am.  Acad.  vii.  358  (1868). —  Southern  CaHfomia  and 
southern  Arizona;  also  San  Quentin,  Lower  California,  1889,  Palmer 
677. 

*  *  Achenes  without  clavellate  hairs,  glabrous  on  outer  face,  more  or  less 
papillose  on  inner;  annulus  nearly  or  quite  glabrous;  leaf-divisions  about 
1-1.5  nam.  broad. 

12.  C.  Stillmanii  (Gray)  Blake,  n.  comb.  Somewhat  stouter  than 
last,  more  leafy  below ;  corky  margin  of  achene  rugose. —  Leptosyne 
Stillmanii  Gray,  in  E.  Durand,  Joum.  Acad.  Nat.  Sci.  Phila.  iii.  91 
(1855),  and  in  Torr.  Bot.  Mex.  Bound.  92  (1859).  L,  Stillmani  Gray, 
Bot.  Calif,  i.  356  (1876). —  California:  Calaveras  Co.,  Heermann; 
valley  of  the  Sacramento,  Stillman  (type  in  Gray  Herb.) ;  hillsides, 
Auburn,  April  1865,  Bolander  4520;  dry  sand  hills,  Antioch,  16  April 
1868-9,  Kellogg  &  Harford  439;  fields.  Middle  Tule  River,  240-305  m., 
April-Sept.  1897,  Purpm  5004. 


COREOCARPUS  Benth.  (icopts  bug,  and  Kapwds  fruit,  from 
the  peculiar  achenes).  Heads  heterogamous,  radiate,  the  flowers  all 
yellow;  rays  styliferous,  fertile,  disk-flowers  mostly  fertile.  Involu- 
cral  scales  5-8,  2-rowed,  subequal,  submembranaceous,  dark-lineate, 
ovate  to  ovate-oblong,  the  outer  obtusish,  the  inner  acuminate;  heads 
sometimes  with  a  few  bractlets  at  base.  Receptacle  flat,  with  narrow 
membranaceous  pale^  subtending  the  flowers.  Ligules  small,  4-5- 
nerved,  entire  or  emarginate;  disk-corollas  regular,  tubular,  with 
slightly  enlarged  funnelform  throat  and  5-toothed  limb,  with  a  hairy 
annulus  at  base  of  throat.  Style-branches  with  subulate  hispid  appen- 
dages.    Anthers  entire  at  base.     Achenes  obcompressed,  with  an 
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entire  or  pectinately  cut  erustaceous  wing,  calvous  or  with  two  re- 
trorsely  hispidulous  slender  awns,  often  granular  on  one  or  both  faces. 
—  Annuals  or  suffrutescent  perennials,  with  opposite  1-2-pinnateIy 
divided  leaves,  and  small  slender-peduncled  heads  (less  than  2  cm.  in 
diameter  including  the  rays)  in  somewhat  ternate  c\Tnose  clusters  at 
the  ends  of  the  branches. —  Bot.  Voy.  Sulph.  28,  t.  16  (1844);  Gray, 
Proc.  Am.  Acad.  v.  162  (1861).  Acoma  Benth.  1.  c.  29,  t.  17  (1844). 
Lepiosyne  sect.  Coreocarpm  Gray,  S^ti.  F1.  i.  pt.  2. 301  (1884). —  Three 
species  of  the  Sonoran  region. —  Well  distinguished  by  inflorescence, 
and  by  the  involucre  of  few  similar  scales,  not  double  as  in  all  members 
of  the  genus  Coreopsis. 

*  Herbaceous  annuals. 

1.  C.  PARTHENioiDES  Benth.  Slender,  2-4  dm.  high,  branched 
above,  nearly  glabrous,  bearing  few  heads  in  somewhat  ternate  termi- 
nal clusters;  leaf-blades  2-4.5  cm.  long  on  petioles  nearly  as  long, 
somewhat  thickish,  bipinnatifid,  the  primary  lobes  deltoid,  1-2  cm. 
long,  nearly  as  broad,  entire  or  3-4-lobed  with  broad  divisions;  heads 
5-^.5  mm.  high,  about  1  cm.  broad  including  the  rays;  rays  oval, 
about  5,  5  mm.  long,  yellow,  often  dr^-ing  whitish  with  purplish  veins; 
achenes  oblong,  crenate-margined,  in  the  only  specimens  examined; 
figured  by  Bentham  as  oval,  shortly  2-awTied,  with  imperfectly  dis- 
sected wing. —  Bot.  Voy.  Sulph.  28,  t.  16  (1844).  Lepiosyne  parthe- 
nioides  Gray,  1.  c. —  Bentham's  type  came  from  Bay  of  Magdalena, 
Lower  California.  The  only  specimens  examined  are:  Sonora: 
high  in  the  mountains,  Guaymas,  Oct.  1887,  Palmer  299. 

1/?.  C.  PARTHENIOIDES  I3enth.  var.  heterocarpus  (Gray)  Blake,  n. 
comb.  Leaves  bi-tripinnatifid  with  finer  divisions,  the  ultimate  ones 
nearly  linear;  margin  of  achenes  entire' and  incurved  dr  dissected  into 
lobes;  awns  sometimes  present. —  Coreocarpus  heterocarpus  Gray, 
Proc.  Am.  Acad.  v.  162  (1861).  Lepiosyne  heicrocarpa  Gray,  S>ti.  F1. 
1.  c.  L.  dissecta  Gray,  1.  c.  (as  to  plant,  not  synonym).  L.  parthe- 
nioides  var.  dissecia  Wats.  Proc.  Am.  Acad.  xxiv.  56  (1889),  as  to 
plant  cited,  not  as  to  name-bringing  s>Tion>Tn.  Coreocarpus  involuius 
Greene,  Pittonia,  i.  290  (1889). —  While  C.  heierocarpus  Gray  appears 
to  be  merely  a  form  of  C.  parthenioides,  as  long  ago  suggested  by  Dr. 
Watson,  indistinguishable  by  achenial  characters  alone,  it  nevertheless 
differs  sufficiently  in  foliar  characters  to  retain  varietal  rank.  C. 
involuius  Greene,  of  which  no  authentic  specimen  has  been  seen,  is 
judging  from  the  description  inseparable  from  this  variety.  Plants 
collected  by  Brandegee  on  Xatividad  Island  and  distributed  as  this 
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species  are  slightly  stouter  and  more  pubescent  than  any  other 
specimens  examined  but  show  no  essential  differences. —  Lower 
California:  Lagoon  Head,  Mar.  1889,  Palmer  795;  Natividad 
Island,  10  April  1897,  Brandegce;  Cape  San  Lucas,  &c.,  Aug.  1859- 
Jan.  1860,  Xanius  62  (type  of  C.  hderocarpus) ;  San  Jos^  del  Cabo,  8 
Mar.  1892,  Brandegce  339;  La  Paz,  20  Jan.-5  Feb.  1890,  Palmer  19; 
Santa  Agueda,  4-6  Mar.  1890,  Palmer  248;  mountain  sides,  Los 
Angeles  Bay,  Dec.  1887,  Palmer  660;  Lower  California,  without 
locality.  Dr.  Street. 

*  *  Suffrutescent  perennials. 
■*-  Achene-wing  pectinately  dissected. 

2.  C.  arizonicus  (Gray)  Blake,  n.  comb.  Much  branched  from  a 
woody  base,  nearly  or  quite  glabrous;  leaves  7-10.5  cm.  long,  pin- 
nately  divided  into  3-5  linear  lobes  1-3  mm.  wide;  heads  rather  nu- 
merous in  panicled  few-headed  cjmes;  involucral  scales  5-6  mm.  long; 
rays  5-6,  7  mm.  long;  achenes  with  the  wing  split  into  flattened  cu- 
neate  lobes,  the  inner  achenes  narrower;  retrorsely  spinulose  awns 
sometimes  present. —  Leptosyne  {Coreocarpus)  arizanica  Gray,  Proc. 
Am.  Acad.  xvii.  218  (1882).  Coreopsis  arizonica  O.  Hoffm.  in  Engler 
&  Prantl,  Nat.  Pfl.  iv.  Ab.  5.  243  (1890).— Arizona:  along  streams, 
Ft.  Lowell,  Aug.  1880,  Lemmon  (cotype);  by  streams  of  the  Santa 
Catalina  Mts.,  760-1060  m.,  April  1881,  Pringle  (cotype);  Santa 
Catalina  Mts.,  May  1881,  Lemmon  211;  mountains,  Lowell,  8  May 
1884,  W.  F.  Parish  112.  Sonora:  Touibabi,  18  Nov.  1890,  F.  E. 
Lloyd  407;  Alamos,  1890,  Palmer  384  (approaching  the  next  form); 
Chihuahua:   southwestern  part,  1885,  Palmer  294. 

2/3.  C.  ARizoNicus  (Gray)  Blake  var.  pubescens  (Rob.  &  Fern.) 
Blake,  n.  comb.  Whole  plant  pubescent  with  short  rather  soft  hairs. — 
Leptosyne  arizonica  var.  pubescens  Rob.  &  Fern.  Proc.  x\m.  Acad.  xxx. 
118  (1894).— Sonora:  Granados,  905  m.,  15  Nov.  1890,  Hartman 
222;  Huchuera^hi,  1220  m.,  5  Dec.  1890,  Hartman  296;  Agnos 
Blanco,  9  Dec.  1890,  Lloyd  406. 

27.     C.  ARIZONICUS  (Gray)  Blake  var.  filiformis  (Greenm.)  Blake, 
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the  young  branches,  1-2-pinnatifid,  1.5-2.5  cm.  long,  temately  cut 
into  short  fleshy  linear  lobes,  on  petioles  nearly  as  long;  heads  cy- 
mosely  arranged  in  nearly  naked  panicles,  as  large  as  those  of  last 
species;  achenes  4  mm.  long,  2.5  mm.  broad. —  Acoma  dissecta  Benth. 
Bot.  Voy!  Sulph.  29,  t.  17  (1844).  Leptosyne  dissecta  Gray,  S>ti.  F1. 
i.  pt.  2.  301  (1884),  as  to  synon^Tn.  L.  parthenioides  var.  dissecta 
Wats.  Proc.  Am.  Acad.  xxiv'.  56  (1889),  as  to  synonym  only. —  Ben- 
tham's  type  came  from  Cape  San  Lucas.  The  only  specimens  ex- 
amined are  three  sheets  from  Magdalena  Island,  Lower  Caufornia, 
collected  12  Jan.  1889  by  Brandegee  (see  Brandeg.  Proc.  Calif.  Acad, 
ser.  2.  ii.  176  (1889)). 

3/3.  C.  DissECTUS  (Benth.)  Blake  var.  lonffilobus  Blake,  n.  var., 
foliis  5-7.5  cm.  longis  pinnatiformibus,  segmentis  (3-5)  lineari-fili- 
formibus,  lobis  inferioribus  2-3  cm.  longis  3-5-lobatis;  acheniis  ut  in 
forma  typica  sed  margine  crenulatis. —  Lower  California:  Carmen 
Island,  1-7  Nov.  1890,  Palmer  877  (type  sheet  in  Gray  Herb.;  dis- 
tributed as  L.  dissecta  Gray). 


STEPHANOPHOLIS  Blake,  n.  genus  Compositarum  Coreopsi- 
dearum  (aT€(t>avos  crown,  and  <^Xts  scale).  Capitula  heterogama  radi- 
ata,  radiis  fertilibus.  Involucrum  duplex  squamis  liberis,  exterioribus 
5-6  herbaceis  obtusis  ovato-lanceolatis;  interioribus  circa  8  submem- 
branaceis  ellipticis  atroviridibus  apice  rotundatis  margine  angusto 
scario  fimbriatulo  exteriores  subaequantibus.  Receptaculum  conicum, 
paleis  planis  membranaceis  flavis  apice  rotundatis.  Radii  corollae  ca. 
12  ligulatae  oblongae  tridentatae  supra  albidae  infra  atroplumbeae 
glabrae  obscure  ca.  8-nervatae.  Disci  corollae  flavae  glabrae  exan- 
nulatae  5-dentatae  tubulo  breve.  Antherae  basi  subintegrae  apice 
appendice  deltoideo  munitae.  Styli  rami  apice  incrassati.  Achctnia 
dimorpha:  ea  radii  valde  obcompressa  ovalia  glabra  epapposa;  disci 
paullo  crassiora  oblonga  supra  appresse  pubescentia,  pappo  coro- 
niformi  e  squamis  brevissimis  inaequalibus  lacerato-fimbriatis  vix 
junctis  ad  angulos  plus  minusve  exaggeratis  composito. —  Herbae 
perennes  scaposae  pratincolae  radicibus  fasciculatis  caulibus  a  foliorum 
basibus  fibrillosis  persistentibus  lanugine  brunnea  intermixta  vestitis. 
Folia  multa  longa  integra  vel  pinnatiformia.  Scapi  pauci  nudi  vel 
1-2-bracteati  capitula  solitaria  majuscula  radiis  albidis  gerentes. 
Genus  habitu  pappo  clinio  conico  bene  distinguitur.  Type  species 
Leptosyne  pinnata  Rob. —  One  species  with  a  variety,  in  mountain 
meadows  of  southern  Mexico. 
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1.  S.  pinnata  (Rob.)  Blake,  n.  comb.  Smooth  except  base  and 
scapes;  leaves  1-3.5  dm.  long,  with  3-6  pairs  of  small  oblong  lobes  and 
a  much  enlarged  slightly  glandular-crenulate  terminal  one  3.5-9.5  cm. 
long;  scapes  very  rarely  branched,  densely  appressed-pubescent  above, 
exceeding  the  leaves;  head  about  1  cm.  high,  3  cm.  broad  including 
the  rays. —  Leptosyne  pinnata  Rob.  Proc.  Am.  Acad,  xxvii.  176  (1892). 
—  Mexico:  wet  meadows,  Del  Rio,  30  Aug.  1890,  Pringle  3668  (type 
in  Gray  Herb.);  wet  meadows,  Valley  of  Toluca,  19  Aug.  1892, 
Pringle  4194;  wet  alpine  meadows.  Sierra  de  las  Cruces,  2990  m., 
28  Aug.  1904,  Pringle  13067. 

1/3.  S.  PINNATA  (Rob.)  Blake  var.  integrif  olia  (Greenm.)  Blake,  n. 
comb.  Leaves  entire,  narrowly  lanceolate,  only  very  slightly  crenu- 
late,  1.5-2  dm.  long;  pappus  slightly  more  developed. —  Leptosyne 
pinnata  var.  integrifolia  Greenm.  Proc.  Am.  Acad.  xl.  44  (1904). — 
DuRANGo:  near  El  Salto,  12  July  1898,  Nelson  4580  (cotype  in  Gray 
Herb.). 


II.    A  REVISION  OF  ENCELIA  AND  SOME  RELATED 

GENERA. 

In  the  course  of  a  revision  of  the  genus  Encelia,  as  at  present  under- 
stood, it  has  been  found  necessary  for  clearness  of  definition  to  remold 
the  group  by  the  reference  of  a  number  of  species  to  the  related  genera 
Viguieraj  Flourensia,  and  Verbesina,  and  by  the  recognition  of  several 
genera  long  treated  as  synonymous;  and  in  view  of  the  changes  in 
generic  boundaries  involved  it  seems  desirable  to  consider  briefly  the 
history  of  some  of  these  related  genera  and  to  contrast  their  characters. 

Only  two  genera  of  this  inmiediate  relationship  were  known  to 
Linnaeus.  HelianthuSj  characterized  by  its  thickish  achenes  with 
promptly  deciduous  pappus  of  paleaceous  awns  and  sometimes  also 
squamellae  (short  intermediate  scales),  is  today  taken  in  its  original 
interpretation,  save  that  the  small  and  very  distinct  genus  Heliopsis 
was  later  erected  by  Persoon  on  one  of  the  original  species  {H,  laevis). 
The  Linnaean  genus  Verbesina,  on  the  other  hand,  was  very  com- 
posite, its  ten  original  species  (reducible  to  nine  or  eight)  representing 
seven  modem  genera,  tvio  only  of  the  species  being  now  included  in 
the  genus.  It  is  well  distinguished  by  the  generally  fertile  rays  and 
the  chartaceo-cartilaginous  wings  of  the  flat  achene,  but  these  being 
usually  invisible  or  indistinct  in  the  ovary  young  material  is  easily 
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and  crown  and  two  strong  awns.  Two  years  later  both  genera  were 
reduced  to  Simsia  by  Dr.  Gray.^^  In  Bentham's  treatment  twenty- 
four  years  later  in  his  Genera  Plantarum  ^®  they  were  recognized  as 
sections  of  Encelia,  to  which  Simsia  was  here  also  for  the  first  time 
definitely  subordinated.  Dr.  Gray,  in  a  paper  of  1883  ^^  and  in  the 
Synoptical  Flora,  carried  the  reduction  a  step  further  by  including 


6  Fam.  ii.  128  (1763).  7  Encycl.  Meth.  ii.  356  (1786). 

8  In  Ait.  Hort.  Kew.  iii.  498  (1789). 

9  Coll.  ii.  299  (1788),  &  Icon.  iii.  t.  594  (1786-1793). 

10  Icon.  i.  45.  t.  61  (1791).  U  Svn.  ii.  478  (1807). 

12  Prod.  V.  576  (1836).  13  sVs.  iii.  444  (1826). 

14  Am  Journ.  Sci.  ser.  2.  iii.  274-5  (Mar.  1847).         15  PI.  Fendl.  85  (1849). 

16  Gen.  PI.  ii.  378  (1873). 

17  Proc.  Am.  Acad.  xix.  7-9  (1883). 
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Geraea  in  the  section  Euencelia,  and  Barrattia  in  Simsia,  Since  Dr. 
Gray's  treatment  nothing  has  been  done  in  the  way  of  a  revision  of 
the  group  as  a  whole,  nor  has  any  new  species  been  described  under 
any  of  the  genera  Palladia,  Armaniay  Geraea^  Barrattia,  or  Simsia 
since  1859. 

In  1871  D.  C.  Eaton  ^®  described  as  Tithonia  argophylla  a  remarkable 
new  species  from  Utah,  with  large  solitary  heads,  squamellaceous 
corona  between  the  aA^-ns  of  the  achene,  and  densely  silvery-pubescent 
basal  leaves,  which  two  years  later  was  referred  to  Encelia  by  Dr. 
Gray,^®  who  at  the  same  time  added  a  very  similar  new  species  (E. 
nudicaulis).  Ten  years  after  Gray  ^^  transferred  them  to  Helianthella, 
instituting  for  their  reception  the  new  section  Enceliopsis.  In  1909 
Aven  Nelson  ^^  elevated  the  group  to  generic  rank,  mainly  on  the  basis 
of  habit,  enumerating  five  species,  one  of  them  new,  which  I  have  not 
been  able  to  separate  from  E.  nudicaulis. 

Hemsley  ^^  in  1881  listed  17  species  of  Encelia  from  Mexico,  de- 
scribing one  new  species  and  making  many  new  combinations  of  names 
which  had  been  first  published  under  Simsia. 

In  recent  years  the  boundaries  of  the  genus  Encelia  have  been 
stretched  to  include  a  number  of  shrubby  Mexican  species,  usually 
described  from  material  without  ripe  fruit,  which  in  the  light  of  all 
their  characters  require  transferral  to  other  genera  ( Viguiera,  Flouren- 
sia,  Verhcsina)  if  generic  distinctions  in  this  group  are  to  be  preserved. 
Six  species  {E,  hypargyrea,  maculata,  montana,  Pringlei,  rhombifolia, 
squarrosa),  with  achenes  plumpish  when  mature,  so  far  as  known,  and 
a  persistent  pappus  of  two  aristate  or  paleaceous  awns  and  several 
short  truncate  squamellae,  exactly  agree  with  Viguiera  in  essential 
characters  and  are  further  on  transferred  to  that  genus.  Another 
fascicle  of  six  species  {E.  collodes,  glutinosa,  microphylla,  obhngay 
resinosa,  suffrutescais)  is  not  so  easily  placed  owing  to  lack  of  ripe 
fruit  in  nearly  every  species,  but  all  differ  in  more  or  less  essential 
characters  from  the  true  genus  Encelia,  and  may  by  a  slight  extension 
of  character  be  included  in  Flour  en  sia  DC.^^  This  genus,  wrongly 
referred  by  Bentham  ^*  to  Helianthus,  was  based  on  four  species,  two 
radiate  Chilean  plants  and  two  discoid  Mexican  species,  the  latter 
taken  by  Gray  ^^  as  t^'pical  of  the  genus.     One  of  the  Chilean  species, 

18  Jn  Wats.  Bot.  King's  Rep.  v.  423  (1871). 

19  Proc.  Am.  Acad.  viii.  657  (1873).  23  Prod.  v.  592  (1836). 

20  Proc.  Am.  Acad.  xix.  9  (1883).  24  Gen.  PI.  ii.  376  (1873). 

21  Bot.  Gaz.  xlvii.  432  (1909).  25  Proc.  Am.  Acad.  xix.  7  (1883). 

22  Biol.  Centr.-Am.  Bot.  ii.  183-5  (1881). 
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F.  corymbosa  DC,  is  a  true  Viguiera  and  was  transferred  to  that  genus 
by  Gray  in  1883  under  the  new  name  F.  Poeppigii,  the  name  corymr 
bosa  being  rejected  as  inappropriate;  but  Reiche  ^®  says:  " El  estremo 
de  los  tallos  corimboso-ramoso,  rara  vez  indiviso.  Cabezuelas  ter- 
minales  en  las  ramas  h^cia  arriba  desnudas'';  and  in  any  ease  the 
name  corymbosay  not  being  preoccupied,  must  be  retained.^ ^  The 
remaining  three  species,  alternate-leaved  glutinous  shrubs  with  villous 
achenes  noticeably  thicker  than  in  true  Enccliay  and  with  a  pappus  of 
two  slender  awns  disposed  to  be  trifid  from  near  the  base,  with  or 
\inthout  slender  acute  squamellae,  form  a  rather  definite  group  which 
has  since  been  increased  to  about  ten  species.  Of  the  six  Encelias 
above  mentioned  four  {E.  collodes,  microphyllay^^  oblongay  suffrutescens) 
agree  well  with  these  characters,  except  that  E.  oblonga  and  E.  suffru- 
tescens are  scarcely  glutinous,  while  the  remaining  two  species,  fully 
mature  fruit  of  which  is  greatly  to  be  desired,  in  their  general  charac- 
ters are  so  close  to  the  others  as  to  justify  their  allocation  here. 

The  genera  Enceliay  Geraea,  and  Sim^ia  are  here  separated  mainly 
on  the  strength  of  characters  to  which  attention  has  not  previously 
been  directed.  The  fourteen  species  included  in  Encelia  are  all  peren- 
nials with  leaves  all  alternate,  achenes  very  flat,  villous  at  least 
on  margins,  narrowly  white-bordered  and  generally  pappusless, 
bluntish  short-hairy  style-branches,  and  receptacular  chaff  softly 
scarious,  bluntish,  falling  with  the  achenes.  The  two  species  included 
in  Geraea  are  annuals  or  biennials,  with  all  or  nearly  all  the  leaves 
alternate,  pales  as  in  the  last^  longer  and  more  hairy  style-branches, 
and  narrowly  cuneate  villous  achenes  with  strong  white  border,  awns, 
and  conspicuous  crown,  the  last  represented  on  the  ovary  in  at  least 
one  species  by  a  squamellaceous  corona.  The  twenty-two  species 
included  in  Simsia  are  mostly  annuals,  with  always  some  at  least  of 
the  lower  leaves  opposite,  marginless  thin-edged  not  villous  achenes, 
attentuate  hispid  style-branches,  and  stiff  acuminate  pales  persistent 
long  after  the  achenes  have  fallen.  The  characters  of  these  and  some 
related  genera  are  contrasted  in  the  following  key. 

In  the  course  of  this  revision  some  670  sheets  have  been  studied, 
representing  all  the  material  in  the  Field  Columbian  Museum,  the 


26  Fl.  Chile,  iv.  93  (1905). 

27  Viguiera  carymboBa  (DC.)  Blake,  n.  comb.  Flourensia  corymbosa  DC. 
Prod.  v.  592  (1836);  Reiche  1.  c.  (q.  v.  for  vars.).  Helianthus  corgmbosvs 
Poeppig  in  DC.  1.  c.  as  syn.  H.  ret^olutu^  Meyen  ''Relse  i.  311  (1843)." 
Viguiera  Poeppigii  Gray,  Proc.  Am.  Acad.  xix.  6  (18H3). 

28  The  close  resemblance  of  E.  microphylla  to  Flourensia  was  commented 
on  by  Dr.  Gra}^  (Proc.  Am.  Acad.  xix.  7,  and  Syn.  Fl.). 
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National  Herbarium,  and  the  Gray  Herbarium.  I  wish  to  thank 
Mr.  W.  R.  Maxon  and  Dr.  C.  F.  Millspaugh  for  the  loan  of  the  mate- 
rial of  Encelia  under  their  charge,  Mr.  M.  E.  Jones  for  the  loan  of 
11  sheets  of  Enceliop&is  and  for  assistance  in  other  ways,  M.  Casimir 
de  Candolle  for  a  photograph  of  the  type  of  Sim^ia  lagascaeformis 
and  critical  notes,  and  Dr.  Philip  Dowell  for  aid  in  proof-reading.  I 
am  greatly  indebted  to  Miss  Mary  A.  Day  of  the  Gray  Herbarium  for 
assistance  in  proof-reading  and  for  constant  help  in  bibliographical 
matters,  and  above  all  to  Dr.  B.  L.  Robinson  for  his  advice  and 
guidance  throughout  the  whole  course  of  my  work. 

Key  to  Encelia  and  some  related  Genera. 

Achenes  very  flat;   no  squamellae  except  in  HdianlheUa  and  Encdiopsis. 

Achenes  winged;  rays  usually  fertile Verbesina  L. 

Achenes  wingless;  rays  neutral. 
Squamellae  present. 

UsuaUy  leafy-stemmed  herbs  of  mountainous  regions,  with  green 
leaves  "and  frequently  foliaceous  outer  involucral  bracts; 
squamellae  mostly  narrow,  laciniate,  and  united  at  base; 
achenes  not  villous  or  white-margined.  Heuanthella  T.  &  G. 
Scapose  desert  plants  with  canescent  or  sihrery  broadly  oval  or 
rhombic  leaves;  outer  scales  never  foliaceous;  squamellae 
short  and  indistinct,  mostly  united  into  a  low  sometimes  en- 
tire crown:  achene  villous  except  in  E.  grandiflora,  and  strongly 

white-bordered Enceuopsis  (Gray)  A.  Nels.  (p.  351.) 

No  squamellae. 

S^poee,  with  broad  leaves  and  large  solitary  heads. .  (Enceuopsis) 
Leafy-stemmed  (except  E.  scaposa,  which  has  linear  leaves) ;  heads 
several  (except  in  two  species  with  linear  leaves),  small  or 
medium-sized. 
Pales  soft,  bluntish,  falling  with  the  achenes;  leaves  alternate; 
achenes  villous  at  least  on  margins. 
Perennials;    style-branches  bluntish,   not  villous;    achenes 
without  crown,  usually  epappose. 

Encelia  Adans.  (p.  358.) 

Annuals  or  biennials;  style-branches  longer,  villous;  achene 

narrowly  cuneate,  with  strong  white  margin,  awns,  and 

crown Geraea  T.  &  G.  (p.  355.) 

Pales  rigid,  acute  or  acuminate,  persistent;   lower  leaves  oppo- 
site; style-branches  attenuate,  hispid-villous;  achenes  not 

villous-ciliate Simsia  Pers.  (p.  376.) 

Achenes  thickened;    squamellae  often  present. 

Pappus  caducous,  ol  paleaceous  awns  and  rarely  short  squamellae;  herbs. 

Heuanthus   L. 
Pappus  more  persistent  29 ;  awns  often  aristate,  squamellae  usually  present; 
heit)s  or  shrubs. 
Squamellae  none,  or  narrow  and  acute;  achenes  usually  densely  villous; 

alternate-leaved  usually  glutinous  shrubs Flourensia  DC. 

Squamellae  present,  mostly  short,  rounded,  fimbriate;   herbaceous  or 
frutescent,  very  rarely  resiniferous,  often  opposite-leaved. 

ViGUIERA  HBK. 

29  Caducous  in  some  Viguieras,  e.  g.  V.  Mandoni  Sch.  Bip. 
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Herbs,  with  alternate  linear  leaves  and  four-angled  achenes,  or  scapose, 
with  linear-lanceolate  leaves (Helianthblla) 


ENCELIOPSIS  (Gray)  A.  Nels.  (Encelia,  and  5^i$  likeness).— 
Heads  large,  many-flowered,  radiate  or  discoid,  the  rays  neutral; 
flowers  all  yellow.  Involucre  hemispherical,  the  scales  2-3-seriate, 
subequal  or  graduated  with  the  outer  shorter,  lanceolate  to  lance- 
ovate,  equaling  or  somewhat  exceeding  the  disk.  Receptacle  some- 
what convex;  pales  soft  and  scarious,  with  abruptly  narrowed  hairy 
tip,  enfolding  the  achenes  and  falling  with  them.  Rays  long  (1.5- 
4.5  cm.)  and  narrow,  several-nerved,  pubescent  on  back  and  tube, 
entire  or  tridenticulate,  absent  in  one  species;  disk-coroUas  with 
cylindric  tube  abruptly  widened  into  the  throat,  and  5-toothed  pubes- 
cent limb.  Anthers  sagittate  at  base.  Style-branches  bluntish, 
pubescent.  Achenes  of  ray  triquetrous,  sterile,  rarely  maturing  and 
developing  thin  corky  wings;  of  disk  compressed,  very  flat,  villous 
particularly  on  the  margins  (or  glabrate  in  one  species),  with  blackish 
body  and  white  cartilaginous  border  passing  above  into  2  teeth  or 
awns,  these  connected  by  a  fringe  of  short  confluent  squamellae,  some- 
times completely  united  into  a  thick  entire  crown. —  Scapose  xerophy- 
tic  perenniab,  with  stout  root  and  often  much  branched  caudex,  the 
short  branches  bearing  tufts  of  thick  oval  or  rhombic  3-5-nerved 
leaves,  and  one  or  several  naked  or  1-2-bracteate  monocephalous 
scapiform  peduncles.  Type  species  Encelia  nudicatdis  Gray. —  Four 
species  of  very  arid  regions  of  the  southwestern  United  States. 

Distinguished  from  HelicmiheUa  by  the  generally  shorter  squamellae, 
from  Encelia  and  Geraea  by  usual  presence  of  squamellae,  and  from 
all  three  by  habit.  Forming  a  connecting  link  between  Geraea  and 
Helianthella,  and  probably  having  developed  as  an  adaptation  to 
desert  conditions  of  the  mountain  loving  genus  Helianthella. 

HeliantheUa  §  Enceliopsis  Gray,  Proc.  Am.  Acad.  xix.  9  (1883),  & 
Syn.  Fl.  i.  pt.  2.  283  (1884). 

Enceliopsis  A.  Nels.  Bot.  Gaz.  xlvii.  432  (1909). 

*  Heads  discoid;   plant  hispid-canescent. 

1.  E.  NUTANS  (Eastw.)  A.  Nels.  Root  tuberiform,  becoming  very 
thick  (3  cm.)  and  woody,  bearing  a  short  lignescent  caudex  from  which 
proceed  the  1-5  scapes  and  the  tuft  of  crowded  leaves;  leaves  oval, 
obtuse  to  rounded  at  tip,  rounded  at  base,  hispid-canescent  with 
appressed  hairs,  2-5  cm.  long,  on  margined  petioles  2-6  cm.  long; 
scapes  hispid  with  somewhat  reflexed  hairs,  1.5-2.5  dm.  high,  naked 
or  with  one  or  two  narrow  bracts;  heads  nodding  in  fruit,  2-4  cm. 
wide,  1.5-2  cm.  high;   scales  densely  hispid,  lanceolate,  2-3-seriate, 
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11-15  mm.  long,  the  outer  shorter;  pales  about  15  mm.  long,  faintly 
nerved,  pubescent  on  the  back  and  subherbaceous  narrow  tip;  disk- 
corollas  8  mm.  long,  tube  §  length  of  throat;  achenes  1  cm.  long, 
obovate,  very  villous,  the  callous  margin  emarginate  at  apex. 

Encelia  nutans  Eastw.  Zoe  ii.  230  (1891);  Jones,  Proc.  Calif.  Acad, 
ser.  2.  V.  701  (1895). 

Enceliopsis  nvtans  A.  Nels.  Bot.  Gaz.  xlvii.  433  (1909). 

Verbesina  scaposa  Jones,  Zoe  ii.  248  (1891),  &  Proc.  Calif.  Acad.  I.  c. 
(1895). 

Specimens  examined:  Colorado:  Grand  Junction,  May  1892, 
Alice  Eastwood  (GN  3°);  Utah:  Green  River,  alt.  1340  m.,  23  May 
1895,  Jones  11859  (hb.  Jones).  Type  material  collected  by  Miss 
Eastwood  on 'Orchard  Mesa,  Grand  Junction,  17  May  1891.  Ver^ 
besina  scaposa  Jones  was  described  from  material  collected  in  sandy 
deserts  near  Grand  River,  eastern  Utah,  at  Cisco,  2  May  1890. —  This 
species  grows  in  very  poor  clay  soil  containing  a  little  active  alkali 
(sodium  carbonate)  in  open  deserts  (Jones,  in  litt.). 

*  *  Heads  radiate;  plants  densely  white-pubescent. 

-*-  Heads  smaller,  the  rays  31  1-2.5  cm.  long;    pubescence  rather  dull,  not 

silvery;  leaves  mostly  obtuse  or  rounded. 

2.  E.  NUDiCAULis  (Gray)  A.  Nels.  Caudex  more  or  less  branched 
from  a  thick  woody  root,  the  branches  short  and  stout,  woolly  and 
covered  with  the  thick  crowded  bases  of  former  leaves;  leaves  tufted, 
ovate  to  orbicular,  subacute  to  rounded  at  both  ends,  white  with  a 
dense  fine  simple  pubescence  of  several-celled  glandular-based  hairs, 
2.5-6.5  cm.  long,  1-6.5  cm.  wide,  on  margined  petioles  one  to  three 
times  their  length;  scap)es  1.5-2.5  dm.  high,  pubescent  like  the  leaves, 
usually  bractless;  heads  4-8  cm.  in  diameter  including  the  rays; 
involucre  densely  pubescent  like  the  leaves  and  stem,  3-seried,  the 
scales  slightly  unequal,  subulate-lanceolate  from  an  ovate  base, 
bluntish,  1-2  cm.  long,  equahng  or  barely  surpassing  the  disk;  rays 
about  20,  glandular-pubescent  on  tube  and  back,  tridentate,  about 
11-nerved,  1-2.5  cm.  long,  2-6  mm.  wide;  disk-corollas  7  mm.  long, 
with  short  tube  and  thick-cylindric  throat,  more  or  less  glandular- 
pubescent;  pales  12-15  mm.  long,  scarious,  pubescent  on  back  and 
tip  and  somewhat  glandular,  often  laterally  l-toothe<i;  mature 
achenes  cuneate,  9  mm.  long,  3.5  mm.  wide,  rather  shortly  silky- 


30  In  citation  of  specimens  F  =  Field  Museum;    G  =  Gray  Herbarium; 
N  =  National  Herbarium. 

31  Ligule  measurements  are  taken  exclusive  of  tube. 
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villous  except  for  a  submarginal  naked  border,  narrowly  white-mar- 
gined, awnless  or  with  two  stout  subulate  teeth  or  slender  upwardly 
pubescent  awns  i-h  their  length,  connected  by  a  fimbriate  crown  of 
nearly  fused  squamellae. 

Encelia  (Geraea)  nvdicavlis  Gray,  Proc.  Am.  Acad.  viii.  656  (1873); 
Jones,  Proc.  Calif.  Acad.  ser.  2.  v.  701  (1895). 

Helianthella  nudicavlis  Gray,  Proc.  Am.  Acad.  xix.  9  (1883). 

Enceliopsis  nudicaulis  A.  Nels.  1.  c.  (1909). 

Enceliopsis  tiUa  A.  Nels.  1.  c.  (1909). 

Specimens  examined:  Idaho:  rather  rare,  dry  rocky  bluffs,  Salmon 
River  near  Bay  Horse,  5  Aug.  1895,  Henderson  3653  (N) ;  dry  sage 
brush  hills,  above  Salmon  River,  6  Aug.  1895,  Henderson  3653  (N); 
Nevada:  Candelaria,  Esmeralda  Co.,  1881,  SAocfcfey  (G);  Hawthorne, 
Lepantha  Mine,  alt.  1677  m.,  25  May  1897,  Jones  (N);  compact  clay 
slopes,  alt.  305  m.,  Las  Vegas,  29  April  1905,  Jones  11857  (hb.  Jones); 
limestone  clays.  Las  Vegas,  4  May  1905,  Goodding  2271  (G,  type 
collection  of  E,  tuta);  clay.  Horse  Spring,  alt.  915  m.,  17  April  1894, 
Jones  5069k  (hb.  Jones);  Utah:  St.  Thomas  or  St.  George,  CapL 
F.  M.  Bishop  (holotype  in  Gray  Herb.) ;  gravel  at  foot  of  precipitous 
slopes  in  very  poor  clay  soil,  Marysvale,  alt.  1830  m.,  4  June  1894, 
Jones  5376  (hb.  Jones);  Ferguson  Spring,  alt.  1920  m.,  14  June  1900, 
Jones  6403  (hb.  Jones);  halfway  station  W.  of  Wa  Wa,  alt.  2135  m., 
15  May  1906,  Jones  11856  (hb.  Jones). —  Inhabits  rocky  or  hard  clay 
knolls  where  the  soil  is  very  compact  (Jones,  in  Htt.). 

I  am  unable  to  separate  satisfactorily  E.  tiUa  from  the  older  E. 
nudicaidis.  The  type  of  the  latter  has  medium-sized  orbicular  leaves, 
connected  by  the  Shockley  and  Jones  plants  with  the  small  subacute 
ones  of  E.  tuta,  while  the  Henderson  plants,  largest-  and  broadest- 
leaved  of  all,  bear  some  smaller  leaves  identical  in  shape  and  tip  with 
those  of  E.  tuta,  indicating  that  the  latter  represents  only  a  starved 
phase  of  E.  nudicaidis.  The  achenes  appear  to  be  rather  variable  in 
pubescence  when  young,  and  at  maturity  are  strongly  bidentate  or 
with  two  awns  of  varying  length,  the  longest  that  I  have  seen  being 
about  i  the  length  of  the  mature  fruit,  although  when  young  they  are 
often  longer  relative  to  the  ovary.  The  squamellae,  fairly  distinct  when 
young,  become  fused  into  a  barely  fimbriate  crow  n  on  the  ripe  fruit. 

■*-  Heads  larger,  rays  2-4.5  cm.  long;  pubescence  silvery-velutinous;   leaves 

rhombic-ovate,  acute. 

++  Achenes  puberulent  or  glabrate;  rays  3.5^.2  cm.  long,  6-12  mm.  wide. 

3.  E.  GRANDIFLORA  (Joucs)  A.  Nels.  "Stems  very  thick  and 
tufted,  branched  and  very  short,  woody,  densely  covered  with  very 
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thick  leaves  ;"^^  leaves  all  basal,  broadly  rhombic-oval  or  orbicular, 
subacute,  velvety  with  appressed  hairs  especially  when  young,  4.5-8 
cm.  long,  3-6  cm.  wade,  on  broadly  margined  petioles  of  about  the 
same  length;  scapose  peduncles  channeled  and  finely  pubescent, 
3.5-4.5  dm.  high,  with  1-2  linear  bracts;  heads  11-12  cm.  in  diameter 
including  rays;  involucre  densely  short-pubescent,  triseriate,  the 
bracts  little  graduated,  about  18  mm.  long,  tapering  from  an  ovate 
base,  exceeding  the  disk;  rays  24-33,  oblong,  subentire  or  faintly  tri- 
dentate,  3.5-4.2  cm.  long,  6-12  mm.  broad,  about  1  l-ner\'ed,  pubescent 
on  back  chiefly  along  the  veins;  disk-corollas  with  slender  tube  and 
cylindric  throat,  glabrous  except  for  the  pubescent  teeth,  6-7  mm.  long; 
pales  glandular-pubescent  at  apex,  11-14  mm.  long,  about  ll-nerved; 
immature  achene  6  mm.  long,  2.5  mm.  wide,  appressed  puberulent 
on  body  and  margin  or  nearly  glabrous,  with  two  short  ascending 
awns  and  a  corona  of  short  confluent  squamellae;  mature  achene 
broadly  obovate,  10  mm.  long,  6.5  mm.  broad,  with  blackish  sparingly 
puberulent  or  glabrate  body  and  broad  whitish-yellow  margin  and 
fimbria tulate  crown,  the  smoothish  awns  1  mm.  long. 

Encelia  grandifloraSones,  Proc.  CaUf.  Acad.  ser.  2.  v.  702  (1895),  not 
E.  grandiflora  (Benth.)  Hemsl.  (1881). 

Enceliopns  grandiflora  A.  Neb.  1.  c.  (1909). 

Helianthella  argophyUa  Covdlle,  Contr.  U.  S.  Nat.  Herb.  iv.  132 
(1893),  not  Gray. 

H,  Comlhi  A.  Xek.  Bot.  Gaz.  xxx\'ii.  273  (1904). 

Sp^imens  examined:  California:  Panamint  Canon,  alt.  610m., 
3  May  1897,  Jones  1 1855  (GN,  and  hb.  Jones) ;  banks  of  apparently 
calcareous  clay,  Hall  Canon,  Panamint  Mts.,  alt.  450  m.,  18  April 
1891,  Coville  &  Funston  698  (G). —  This  species  and  the  next  are  found 
only  where  sodium  chloride  is  abundant,  on  cliffs  adjoining  salt  de- 
posits, but  apparently  never  directly  on  salt  flats  (Jones,  in  litt.). 
++  ++  Achenes  villous;  rays  2  cm.  long,  4  mm.  wide. 

4.  E.  ARGOPHYLLA  (D.  C.  Eatou)  A.  Nels.  Base  as  in  the  last; 
leaves  in  a  thick  tuft,  oblong-obovate  or  rhombic-obovate,  silvery- 
velutinous,  acute  at  apex,  tapering  to  a  broadly  margined  base,  3- 
nerved,  3.5-7  cm.  long,  1.1-3.2  cm.  wide,  the  petioles  shorter;  scapose 
peduncles  1  or  2,  2.5-3.7  dm.  high,  short-pubescent,  bractless;  heads 
4.5-7.5  cm.  in  diameter  including  rays;  involucre  2  cm.  high,  tri- 
seriate, the  short-silky  scales  subulate-tipped,  with  broadly  ovate 
base,  exceeding  the  disk,  the  outer  loose  and  reflexed;  rays  about  30, 

32  Jones,  1.  c. 
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Hnear-oblong,  2  cm.  long,  3-4.5  mm.  wide;  disk-corollas  7  mm.  long 
(tube  3  mm.),  hairy  on  teeth  and  base  of  tube;  pales  13.5  mm.  long, 
laterally  1 -toothed,  glandular-hairy  on  keel  and  tip;  achene  oblong, 
10  mm.  long,  3.5  mm.  wide,  silky-\Tllous  on  body  and  margin,  awnless 
or  with  two  subulate  awns  1 .8  mm.  long,  the  squamellae  almost  com- 
pletely united. 

Tithonia  argophyUa  D.  C.  Eaton  in  Wats.  Bot.  King's  Rep.  v.  423 
(1871). 

Encelia  (Geraea)  argophyUa  Gray,  Proc.  Am.  Acad.  viii.  657  (1873) ; 
Jones,  1.  c.  702  (1895). 

Ilelianthella  argophyUa  Gray,  Proc.  Am.  Acad.  xix.  9  (1883);  Co- 
ville,  1.  c.  (1893),  as  to  name  only. 

Enceliopsis  argophyUa  A.  Nels.  1.  c.  (1909). 

Specimens  examined:  Utah:  St.  George,  1870,  Palmer  (fragments 
of  TYPE  in  Gray  Herb.);  Nevada:  salty  cliffs,  salt  mine  near  Stone's 
Ferry,  near  the  Colorado  River,  alt.  366  m.,  11  April  1894,  Jones 
5032q  (hb.  Jones). 


GERAEA  Torr.  &  Gray  (ytpatds  old,  from  the  canescent-villous 
achenes).  Heads  medium-sized  or  rather  large,  many-flowered, 
radiate  or  discoid,  the  rays  neutral;  flowers  all  yellow.  Involucre 
hemispheric,  the  scales  2-3-seriate,  linear  or  broadly  oblong,  equaling 
or  shorter  than  the  disk.  Receptacle  flattish;  pales  softly  scarious, 
conduplicate,  falling  with  the  achenes.  Rays  when  present  cuneate, 
the  tube  hairy;  disk-corollas  with  cyUndric  tube  and  broader  throat, 
limb  hairy  and  5-toothed.  Style  branches  long,  hairy.  Disk-achenes 
strongly  compressed,  villous  especially  on  the  edges,  narrowly  cuneate 
with  narrow  whitish  margin  produced  into  two  strong  awns  decurrent 
into  the  conspicuous  crown. —  Annuals  or  biennials  (base  unknown 
in  G.  viscida),  glandular-pubescent,  simple  or  branched,  with  alternate 
dentate  leaves  and  usually  few  paniculate  heads.  Type  species  0. 
canescens  Torr.  &  Gray  {Encelia  eriocephala  Gray). —  Two  species  of 
southwestern  United  States  and  adjacent  Mexico. —  The  squamella- 
ceous  corona  of  the  ovary,  from  which  the  thick  crown  of  the  fruit  is 
at  least  in  part  developed,  is  distinct  enough  in  G,  viscida,  although 
visible  in  G,  canescens  only  as  a  narrow  border  connecting  the  decurrent 
based  awns.  It  seems  quite  analogous  with  the  corona  of  completely 
fused  squamellae  in  such  a  species  of  Enceliopsis  as  E.  nutans. 

Geraea  Torr.  &  Gray,  Am.  Joum.  Sci.  ser.  2.  iii.  275  (Mar.  1847); 
Proc.  Am.  Acad.  i.  48  (1848). 
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Simsia  section  Geraea  Gray,  PI.  Fendl.  85  (1849). 

Encelia  section  Geraea  Benth.  &  Hook.  fil.  Gen.  PI.  ii .  378  (1873). 

*  Heads  radiate;   involucral  scales  linear,  densely  ciliate;   lower  leaves  nar- 
rowed to  a  petiolar  base. 

1.  G.  CANESCENs  Torr.  &  Gray.  Erect  annual,  1-6  dm.  high,  simple 
or  branched  from  the  base,  hirsute  with  white  hairs  intermixed  with 
stalked  glands ;  leaves  lance-oblong,  ovate,  or  obovate,  narrowed  to  a 
margined  base,  1-7  cm.  long,  0.3-0.4  cm.  wide,  acute,  3-nerved,  bluntly 
or  acutely  toothed  mostly  above  the  middle,  those  of  inflorescence 
bracteiform,  all  alternate  or  rarely  one  or  two  pairs  of  opposite  ones 
at  base  of  stem;  heads  few,  somewhat  panicled,  terminating  branchlets 
or  long-peduncled  from  the  upper  axils,  5  cm.  in  diameter  when  well 
developed;  involucre  8-12  mm.  high,  2-3-rowed;  the  scales  subequal 
or  the  outer  a  little  shorter,  linear-lanceolate,  glandular  on  the  back, 
3-nerved  inside,  densely  ciHate  except  at  tip  with  long  white  hairs; 
rays  10-14,  golden  yellow,  cuneate,  subentire  or  tridentate,  11-21  mm. 
long,  6-11  mm.  wide,  the  tube  hairy;  disk-corollas  6  mm.  long,  with 
short  glandular-hairy  tube  and  cylindric-funnelform  throat;  pales 
9  mm.  long,  fimbriate-margined,  glandular-hairy  toward  the  narrowed 
apex;  achenes  narrowly  cuneate,  6-7  mm.  long,  silky- villous,  with 
flattened  denticulate  awns  half  their  length,  the  body  black,  the  narrow 
white  margin  continuous  with  the  awns  and  the  thick  entire  yellowish 
crown. 

Geraea  canesceris  Torr.  &  Gray,  1.  c.  (1847). 

Simsia  (Geraea)  canescens  Gray,  PI.  Fendl.  I.  c.  (1849). 

Encelia  eriocephala  GT&yy  Proc.  Am.  Acad.  \dii.  657  (1873). 

Specimens  examined:  Utah:  southeastern  part,  1870,  Palmer  (N); 
Nevada:  El  Dorado  Canon,  Lincoln  Co.,  Jan.-Apr.  1895,  Lyra  Mills 
12  (N);  valley  of  the  Virgin  River,  6  May  1891,  V.  Bailey  (Death 
Valley  Exp.  no.  1911 :  N) ;  California:  Furnace  Creek  Canon,  Funeral 
Mts.,  alt.  100  m.,  Feb.  1891,  Cotille  &  Funsion  361  (N);  8  miles  N. 
of  Salton  Sea,  Apr.  1910,  Mrs.  C.  II.  Everhart  2  (F);  Palm  Springs, 
alt.  150  m.,  19  Apr.  1907,  S.  B.  Parish  6079  (F);  The  Needles,  3  May 
1884,  Jones  3783  (FN);  Agua  Caliente,  Mar.  1881  and  Apr.  1882, 
Parish  Bros.  228  (FN);  Agua  Caliente,  W.  G.  Wright  (G);  Colorado 
Desert,  Apr.  1889,  Orcutt  (N);  same  locality,  Wright  (FS);  loose  soil, 
near  Calexico,  28  Mar.  1903,  Ahrams  3153  (G);  in  sandhills,  Jan.,  Ft. 
Yuma,  Schoti  (G);  diluvial  banks  of  the  Colorado  near  Ft.  Yuma, 
Schott  {¥);  Colorado  River,  Newberry  (G);  interior  of  California, 
Fremont  393  of   1844,  Coulter  304    (cotypes  in  Gray  Herbarium); 
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Arizona:  Ft.  Mohave,  1860-1,  Cooper  (GN);  Beaver  Dam,  1877, 
Palmer  237  (GN);  Santa  Rosa  to  Casagrande,  13  Mar.-23  Apr.  1903, 
Griffiths  4008,  4025  (N) ;  Tule  Desert,  W.  of  Monument  no.  180,  9  Feb. 
1894,  Mearns  2794  (N);  without  locality,  1880,  Lemmon  (G). 
Sonora:  near  El  Capitan,  southwest  of  Sonorita,  west  of  Finacate, 
5  Feb.  1910,  Lumholiz  27  (G). 

1/3.  G.  CANESCENS  Torr.  &  Gray  var.  paniculata  (Gray)  Blake, 
n.  comb.  Greener  and  less  hirsute  than  the  ordinary  form,  panicu- 
lately  much  branched  above,  the  very  numerous  heads  only  2  cm.  in 
diameter  including  the  rays. 

Encelia  eriocephala  var  paniculata  Gray,  Syn.  Fl.  i.  pt.  2. 282  (1884). 

Specimens  examined:  Arizona:  mesas  near  Phoenix,  17  June  1882, 
Pringle  1271  (FGN,  type  collection). 

*  *  Heads  discoid;    involucral  scales  oblong,  densely  glandular;    leaves  all 
sessile  by  a  clasping  base. 

2.  G.  viscida  (Gray)  Blake,  n.  comb.  Stout,  at  least  8  dm.  high 
(the  base  unknown),  hirsutely  villous  and  viscid-glandular  throughout; 
stem  channeled,  simple  or  branched  above,  leafy;  leaves  thin,  oval 
or  broadly  ovate-oblong,  acutish  to  obtuse  or  rounded,  sessile  by  an 
auriculate  or  cordate  base,  irregularly  dentate  on  the  wavy  margin, 
the  mid  vein  prominent,  3-10  cm.  long,  1.5-5  cm.  wide;  heads  rather 
few,  terminating  branchlets  or  long-pedunculate  from  the  upper  axils, 
1.5-4  cm.  broad,  hemispherical;  involucre  shorter  than  the  disk; 
scales  2-3-seriate,  subequal  or  the  outer  shorter,  oblong,  obtuse, 
3-nerved,  densely  glandular,  11-15  mm.  long,  2-5  mm.  broad;  disk- 
corollas  7-8  mm.  long,  with  rather  long  slender  tube  and  cylindric 
throat,  somewhat  glandular  particularly  on  the  tube;  pales  14  mm. 
long,  glandular-pubescent  toward  apex;  achenes  7-9  mm.  long,  with 
two  villous  awns  more  than  half  their  length,  narrowly  wedge-shaped, 
silky-villous,  with  blackish  body  and  white  margin  and  crown. 

Encelia  (Geraea)  viscida  Gray,  Proc.  Am.  Acad.  xi.  78  (1876). 

Specimens  examined :  California:  near  Larkin's  Station,  80  miles 
east  of  San  Diego,  1875,  Painter  (type  in  Gray  Herb.);  Warner's 
Ranch,  and  other  elevated  places  in  San  Diego  Co.,  June  1880,  Parish 
241  (G);  Campo,  June  1880,  Vasey  327  (N);  mountains  near  Campo, 
24  July  1883,  Orcutt  (F);  dry  hills  near  Campo,  26  May  1903,  Abrams 
3633  (FGN);  Potrero  Valley,  San  Diego  Co.,  June  1889,  Orcutt  (N). 
Lower  California:  without  locality,  1883,  Orcutt  (G). 
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terminal  and  long-peduncled  from  the  upper  axils,  nodding  in  fruit, 
10-12  mm.  high;  scales  2-3-rowed,  loose,  lanceolate,  somewhat 
glandular,  ciliate  and  tomentose;  rays  about  12,  oval,  subentire, 
7  mm.  long,  with  hairy  tube;  disk-corollas  as  in  the  last,  glandular 
at  base  and  tip,  5  mm.  long;  pales  few-nerved,  glandular-hairy 
toward  the  loose  subherbaceous  tip,  8-10  mm.  long;  achenes  5-6.5  mm. 
long,  obovate,  emarginate  at  apex,  densely  spreading-\illous  on  the 
margin  and  with  a  few  hairs  toward  the  apex. 

Encelia  laciniaia  Vasey  &  Rose,  Proc.  U.  S.  Nat.  Mus.  xi.  535  (1889). 

Specimens  examined:  Lower  Caufx)rnia:  sand  plains  and  hills 
above  the  bay.  Lagoon  Head,  6-15  Mar.  1889,  Pdmer  804  (FGX,  type 
collection);  Ascension  Island,  Mar.-June  1897,  Anthony  435  (G). 
Also  reported  by  Brandegee  from  San  Gregorio. —  Anthony's  plant 
differs  from  Palmer's  in  its  thicker  more  bluntly  lobed  leaves,  like  the 
stem  finely  glandular-pubescent,  nearly  without  the  rough  white 
hairs  of  the  t^pes. 

*  *  Halimifoliae.  Herbaceous  or  frutescent;  leaves  entire  or  merely 
repand-toothed,  oblong  to  ovate;  disk  yellow  or  purple;  achene  rarely 
with  1  or  2  weak  awns. 

•^  Heads  numerous,  paniculate,  the  branches  of  inflorescence  smooth;  leaves 

chiefly  basal. 

3.  E.  FARiNOSA  Gray.  Much  branched  from  a  woody  base, 
sometimes  1.6  m.  high,  the  stems  and  branches  exuding  a  fragrant 
resin,  white-mealy  becoming  glabrate;  leaves  mostly  basal,  broadly 
ovate  to  lanceolate,  acute  or  obtuse,  entire  or  rarely  repand-toothed, 
the  margin  often  undulate,  densely  white-farinose  occasionally  be- 
coming subglabrate,  the  nerves  rather  prominent  beneath,  3-10  cm. 
long,  2-5  cm.  wide,  on  narrowly  margined  petioles  1^  cm.  long; 
panicle  nearly  naked,  the  branches  whitish-yellow,  glabrous  or  rarely 
with  a  few  hairs,  often  glandular-hairy  just  below  the  heads;  heads 
terminating  the  branches,  often  nodding  in  fruit,  radiate,  disk  1-1.5 
cm.  in  diameter;  scales  imbricated  in  3-4  rows,  the  outer  or  some- 
times all  linear,  the  inner  usually  successively  longer  and  with  broader 
bases,  loosely  hairy  when  young,  often  glabrate  when  older,  all  blunt, 
the  longest  3.5-7  mm.  long,  shorter  than  the  disk;  rays  ^^  about  12, 
usually  conspicuous,  7-11  mm.  long,  oval-oblong,  3-lobed;  disk- 
corollas  3.5-4.5  mm.  long,  glandular  on  the  tube,  yellow  including  the 
limb;  pales  6-7  mm.  long,  glandular  on  keel,  faintly  nerved, 'entire 
or  laterally  1 -toothed;  achene  4.5  mm.  long,  obovate,  emarginate, 
villous  all  over  except  for  a  subinarginal  naked  border,  awnless. 

33  In  Coulter  327  (hb.  Gray)  some  at  least  of  the  rays  are  styliferous,  the 
only  such  instance  known  to  me  in  the  genus. 
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Encelia  farinosa  Gray  in  Ton*.  Bot.  Emory  Rep.  Mil.  Recon.  143 
(1848). 

Specimens  examined:  Nevada:  Muddy  Valley,  Lincoln  Co.,  alt. 
518  m.,  1  May  1906,  Kennedy  &  Goodding  8  (N) ;  boulder  washes,  Las 
Vegas  Mts.,  13  May  1905,  Goodding  2363  (G);  California:  Pana- 
mint  Canon,  alt.  610  m.,  3  May  1897,  Jones  (N);  Furnace  Creek 
Ranch,  Death  Valley,  25  Mar.  1891,  Coville  *  FunsUm  476  (FGN); 
near  Bennett  Wells,  Death  Valley,  22  Jan.  1891,  Coville  &  Funstan 
202  (N) ;  Los  Angeles,  25  May  1902,  Braunion  287  (N)  ;3*  San  Bemar- 
dino  Mts.,  1880,  Vasey  286  (N);  San  Bernardino,  12  Jan.  1880,  S.  B. 
Parish  (G);  May  1881,  Parish  (F);  2  May  1896,  C.  E.  Cummings 
(G);  dry  hills  near  San  Bernardino,  27  Apr.  1891,  S.  B.  Parish  2192 
(N);  vicinity  of  San  Bernardino,  alt.  305-457  m.,  27  Apr.  1895,  S.  B. 
Parish  3638  (GN);  foothills  near  San  Bernardino,  15  May  1891,  S.  B. 
Parish  (F);  San  Bernardino  Hills,  Apr.  1881,  Parish  (F);  near 
Barstow,  12  Apr.  1905,  T,  E.  Wilcox  (N);  The  Needles,  8  May  1884, 
Jmes  3853  (FN);  Elsinore,  4  Apr.  1903,  Baker  4151  (FG);  Temecula 
Canon,  alt.  800  m.,  31  Mar.  1898,  Leiherg  3209  (N);  Box  Springs,  San 
Diego  Co.,  10  May  1882,  OrcuU  (F);  Signal  Mt.,  Colorado  Desert,  2 
Apr.  1903,  Ahrams  3159  (G);  Colorado  Desert,  Mar.  1881,  W,  G, 
Wright  185  (G);  southeastern  California,  1876,  Palmer  (G);  southern 
California,  1876,  Parry  <fc  Lemmon  181  (F);  California,  Coulter  327 
(G) ;  Colorado  River,  interior  of  California,  1854,  Bigelow  (G) ;  Mexican 
Boundary  Survey  under  Emory,  1846  (type  in  Nat.  Herb.,  no.  46083) 
eastern  base  of  Coast  Range,  edge  of  Colorado  Desert,  7  May  1894 
Mearns  2969  (N);  Arizona:  Fort  Mohave,  1860-1,  Cooper  (G) 
Beaver  Dam,  1877,  Palmer  239  (G);  Grand  Canon  of  the  Colorado^ 
Journey  of  1885,  Gray  (G);  Verde  Mesa,  1867,  E.  Smart  201  (N) 
buttes,  Tempe,  19  Apr.  1892,  Ganong  &  Blaschka  (G);  along  the  Gila 
Mar.  1852,  Parry  54  (G);  Coyote  to  Santa  Rosa,  13  Mar. -23  Apr. 
1903,  Griffiths  3986  (N);  Laosa  to  Lavare  via  Babuquivari,  1903 
Griffiths  3615  (N);  Santa  Catalina  Mts.,  19  Apr.  1881,  Pringle  (FG) 
Camp  Grant,  2  Apr.  1867,  Palmer  124  (G);  Tucson  Mts.,  Sept.  1907, 
Thornber  (N);  Tucson  Mts.,  1903,  Griffiths  3475  (N);  hills  near  Tuc- 
son, 8  May  1883,  Pringle  (F);  Tucson,  8  Apr.  1892,  Toumey  (N),  and 
1  May  1892,  Toumey  dST  (N);  Tule  Mts.,  Mexican  boundary  line,  11 
Feb.  1894,  Mearns  2800  (N);  near  Monument  no.  178,  Mex.  bound, 
line,  8  Feb.  1894,  Mearns  2791  (N);  Chimehuevis,  alt.  915  m.,  21  Apr. 


34  A  MS.  note  attached  to  the  sheet  says  in  part:  "This  plant  was  just 
10  ft.  from  root  to  fruit. '*  The  species  is  not  included  in  Abrams'  Los  Angeles 
Flora. 
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1903,  Jones  (N).  Sonora:  common  on  plains  from  Huerigo  to 
Granada,  Guasabas,  alt.  915-1220  m.,  15  Nov.  1890,  Hartman  233 
(GN);  Hennosillo,  10  June  1897,  F,  S.  Malthy  229  (N);  Torres,  10 
June  1897,  Malthy  179  (N);  El  Grupo  (?),  13  Nov.  1895,  McGee  (N); 
hillsides,  Guaymas,  July  1887,  Palmer  111  part  (GN);  Hermasillo, 
4  Mar.  1910,  Rose,  Standley,  &  Russell  12354  (N);  Empalme,  11  Mar. 
1910,  Rose,  Standley,  &  Russell  12625  (N);  Carral,  12  Mar.  1910,  Rose, 
Standley,  &  Russell  12651  (N);  Guaymas,  23  Apr.  \^\^,Rose,  Stnnd- 
ley,  &  Russell  15051  (N);  Magdalena,  25  Apr.  1910,  Rose,  Standley,  & 
Russell  15098  (N);  Sinaloa:  thickets  along  Rio  Fuerte,  San  Bias,  24 
Mar.  1910,  Rose,  Standley,  &  Russell  13365  (N).— The  only  Encelia 
of  any  economic  importance,  and  that  but  slight,  the  resin  being 
burned  as  incense  in  the  churches  of  Lower  California,  giving  the 
plant  the  local  name  of  "Incienso**  (Brandegee,  Zoe  i.'83  (1890)). 

3/S.  E.  FARiNOSA  Gray  f.  phenicodonta  Blake,  n.  forma,  disco 
purpureo.  Disk-corollas  purple  above;  otherwise  as  in  the  typical 
form. —  Specimens  examined:  California:  Riverside  Mt.,  Newberry 
(G) ;  Arizona  :  Williams  Fork,  Mar.  1876,  Palmer  251  (FN).  Lower 
Caufornia:  west  side  of  Lake  Maquata,  Colorado  Desert,  27  Jan. 
1890,  Orcutt  2023  (N);  canon  near  San  Quentin,  22  Apr.  1886,  Orcutt 
1341  (cotypes  in  FGN);  old  diggings,  Calmalli,  alt.  366  m.,  Jan.- 
Mar.  1898,  Purpus  33  (FN);  La  Paz,  20  Jan.-5  Feb.  1890,  Palmer 
50  (N);  Santa  Rosalia,  24  Feb.-3  Mar.  1889,  Palmer  186  (GN); 
Sonora:  Papago  Tanks,  Pinacate  Mts.,  14  Nov.  1907,  MacDougal 
(N);  hillsides,  Guaymas,  July  1887,  Palmer  111  in  part  (GN). 

37.  E.  FARINOSA  Gray  var.  radians  Brandeg.  in  herb.,  n.  comb. — 
Leaves  glabrate  or  nearly  so;  involucre  nearly  or  quite  glabrous,  its 
bracts  chiefly  linear-oblong;  disk  purple. 

Encelia  radians  Brandeg.  Proc.  CaHf.  Acad.  ser.  2.  ii.  176  (1889). 

Specimens  examined:  Lower  California:  San  Jos^  del  Cabo, 
Mar.-June  1897,  ^niA<my  433  (GN);  same  locality,  Jan. -Mar.  1901„ 
Purjpus  398  (GN). 

•«-  •*-  Heads  few  or  solitary;  peduncles  usually  pubescent;  stem  leafy. 
•M-  Shrubby,  even  the  branches  woody;  heads  solitary  at  tips  of  long  naked 
usually  scabrous  peduncles  terminating  the  branches,  often  discoid;   disk 
yellow;  awns  often  present. 

4.  E.  frutescens  Gray.^^  A  low  much  branched  shrub,  1.3- 
1.6  m.  high,  white  with  a  dense  short  very  scabrous  pubescence  at  least 

35  Often  confused  with  Viguiera  Parishii  Greene,  which  is  rather  similar 
in  aspect  but  has  mostly  opposite  cordate-deltoid  leaves  and  a  pappus  of 
squamellae  as  well  as  awns. 
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on  the  younger  parts,  the  branehlets  ending  in  long  naked  monocepha- 
lous  peduncles;  leaves  short-petioled,  oblong  to  ovate,  obtuse  or  acute, 
cuneate  or  truncate  at  base,  scabrous  with  scattered  white  hairs 
with  persistent  tuberculate  bases,  1-3  cm.  long,  0.6-1.6  cm.  wide; 
involucre  6-10  nmi.  high,  its  scales  somewhat  unequal,  3-rowed, 
hispid-scabrous  and  sometimes  slightly  glandular,  varying  from  linear- 
lanceolate  to  ovate-acuminate;  heads  1-2.5  cm.  broad;  rays  rarely 
present,  then  about  12,  3-lobed,  about  9  mm.  long;  disk-corollas  5-6 
mm.  long,  with  glandular-hairy  tube  and  hairy  limb;  pales  glandular- 
pubescent,  1  cm.  long;  achenes  black  with  narrow  white  margin, 
villous  on  the  edges  and  somewhat  pubescent  on  the  sides,  6.5^  mm. 
long,  2.5-3.2  mm.  broad,  awnless  or  with  1  or  2  weak  villous  awns. 

Simsia  fnUescens  Gray  in  Torr.  Bot.  Mex.  Bound.  89  (1859). 

Encelia  fnUescens  Gray,  Proc.  Am.  Acad.  viii.  657  (1873). 

E.frviescens  f.  radicda  Hall,  Univ.  Calif.  Pub.  Bot.  iii.  135  (1907). 

E.  frutescens  f.  ovaia  Hall,  1.  c. 

Specimens  examined:  California:  Mohave  Desert,  near  Bagdad, 
12  Apr.  1905,  Wilcox  (N);  The  Needles,  3  May  1884,  Jones  3812 
(FN);  near  Canon  Springs,  Apr.  1905,  Hall  5859  (N);  Palm  Spring, 
alt.  61  m.,  10  May  1903,  Janes  (N);  wash  near  Coyote  Wells,  Colo- 
rado Desert,  3  Nov.  1890,  OrcvM  2200  (GN);  Signal  Mt.,  2  Apr.  1903, 
Abrams  3156  (FGN,  cotype  number  of  f .  owia  Hall) ;  interior  of  Cali- 
fornia, 1849,  Fremont  (G,  cotype);  Arizona:  ravines  in  gravel  plain. 
Ft  Mohave,  1860-1,  Cooper y  (GN,  mixed  with  Viguiera  Pariahii 
Greene);  Sierra  Prieta  near  Ft.  Yuma,  Schott  (G,  cotype);  Agua 
Caliente,  1846,  Emory  (G,  cotype);  Yuma,  1881,  Vasey  (N);  west 
bank  of  Colorado  River  below  Yuma,  7  Apr.  1894,  Meams  2853  (N); 
Yuma,  25  Apr.  1906,  Jones  (N);  Santa  Catalina  Mts.,  Apr.  1881, 
Lemmon  188  (G);  Red  Rock,  11  June  1892,  Toumey  671  (N);  Car- 
rizo  Creek,  Hayes  446  (G) ;  mesas  near  Tucson,  8  May  1884,  Pr ingle 
(FGN,  cotype  number  of  f .  ovata  Hall) ;  mesas,  without  exact  locality, 
15  May  1881,  Pringle  (FG);  foothills,  Santa  Rita  Mts.,  1902,  Griffiths 
&  Thomber  (N);  high  plains,  Lowell,  9  May  1884,  W,  F.  Parish 
110  (G);  Wilmot  Siding,  8  miles  southeast  of  Tucson,  on  the  mesas, 
800  m.,  6  June  1903,  Thomber  83  (N);  without  locality,  1869, 
Palmer  (N). 

The  form  ovata  described  by  Hall  seems  hardly  distinct  enough  for 
recognition;  apparently  the  lower  leaves  are  always  more  or  less  ovate 
or  ovate-oblong,  the  upper  usually  oblong  but  sometimes  broader,  but 
without  any  distinct  line  of  demarcation;  and  the  presence  of  rays, 
also,  is  a  character  scarcely  requiring  recognition  by  name. 


Digitized  by 


GooglQ 


364  PROCEEDINGS   OF  THE   AMERICAN   ACADEMY. 

The  following  sheets,  with  ovate  leaves  more  or  less  glandular  and 
with  fine  appressed  pubescence,  seem  intermediate  between  this  and 
var.  virginensis:  Arizona:  near  Ft.  Verde,  20  June  1883,  Rushy y 
(FN);  along  Bright  Angel  Trail  to  Grand  Canon,  alt.  1000  m.,  10 
Sept.  1901,  Leiherg  5926  (N);  Hackberry,  24  May  1884,  Jones  (FN). 

4/3.  E.  FRUTESCENs  Gray  var.  resinosa  Jones  in  litt.,  n.  var., 
hispido-scabra  et  plus  minusve  glandulosa  interdum  glandulosissima; 
foliis  tenuibus  margine  sinuatis  late  ovatis  1-2  cm.  longis  latisque 
subacutis  obtusisve  basi  truncatis  vel  rotundatis  rare  cuneatis  utrinque 
plus  minusve  glandulosis  scabris  pilis  albis  basi  tuberculatis;  petiolis 
glanduloso-scabris  5-7  mm.  longis;  pedunculis  1-2  dm.  longis  glandu- 
losis sparse  scabris;  capitulis  1-2  cm.  diametro  radiatis;  involucri 
2-3-seriatis  squamis  ovato-acuminatis  vel  lineari-lanceolatis  dense 
glandulosis  exterioribus  interdum  paucis  pilis  hispidis;  paleis  dense 
glandulosis;   acheniis  exaristatis. 

Specimens  examined:  Utah:  near  Great  Salt  Lake,  Capi,  Bishop 
(G);  Arizona:  without  locality,  1869,  Palmer  (N);  Little  Colorado 
near  Winslow,  10  June  1890,  Jones  (type  collection,  GN);  half 
mile  below  Tanner's  Crossing,  Little  Colorado,  18  May  1901,  L,  F. 
Ward  (N). 

47.  E.  FRUTESCENS  Gray  var.  virginensis  (A.  Nels.)  Blake,  n.  comb. 
Leaves  broadly  ovate,  cinereous-scabrous  with  a  fine  glandular  pubes- 
cence intermixed  with  stouter  tuberculate-based  hairs  like  those 
found  in  the  type;  outer  involucral  scales  linear-lanceolate,  the  inner 
ovate-acuminate;  rays  apparently  always  present;  otherwise  as  in 
the  t>T)ical  form.^® 

Encelia  virginensis  A.  Nels.  Bot.  Gaz.  xxxvii.  272  (1904). 

E.  frxdescens  f.  virginensis  Hall,  1.  c.  (1907). 

Specimens  examined:  Utah:  valley  of  the  Virgin  River  near  St. 
George,  1874,  Parry  142  (FG);  La  Verken,  alt.  1036  m..  May  1894, 
Jones  5195  (FN);  southern  part,  1875,  Johnson  (N);  Nevada:  "The 
Pockets,'*  valley  of  the  Virgin  River,  30  April  1902,  Goodding  666 
(FGN,  coTYPES  of  E.  virginensis) ;  dry  washes,  Mesquite  Well,  1  May 
1905,  Goodding  2259  (G);  Arizona:  northern  part,  1872,  IVm. 
Thompson  380  (N). 

The  following,  with  white-pubescent  but  scabrous  leaves  and  more 
or  less  ovate-acuminate  outer  scales,  seem  intermediate  between  this 
variety  and  the  next;    Utah:    St.  George,  1877,  Palmer  238  (G); 

36  According  to  Nelson's  description  the  lower  leaves  are  opposite,  but  I 
have  been  unable  to  find  evidence  of  this  in  the  material  at  hand,  and  opposite 
leaves  are  unknown  elsewhere  in  the  genus. 
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Nevada:  Moapa,  Lincoln  Co.,  alt.  518  m.,  12  May  1906,  Kennedy 
1112  (N);  Arizona:  1869,  Pa/m^r  part  (X). 

45.  E.  FRUTESCENs  Gray  var.  actoni  (Elmer)  Blake,  n.  comb. 
Leaves  ovate,  cuneate  or  truncate  at  base,  very  rarely  toothed, 
whitened  with  a  rather  soft  fine  pubescence;  pubescence  of  stem  and 
peduncles  also  softer  than  in  the  typical  form;  involucral  scales 
mostly  ovate-acuminate;  rays  apparently  always  present;  otherwise 
as  in  the  typical  form. 

Encelia  actoni  Elmer,  Bot.  Gaz.  xxxix.  47  (1905). 

E.frutescens  f.  actoni  Hall,  1.  c.  (1907). 

Specimens  examined:  Nevada:  Esmeralda  Co.,  31  May  1886, 
Shockley  416  (G);  Candelaria,  alt.  1677  m.,  June  1887,  Shockley  540 
(G);  without  locality,  1872,  Lt.  Wheeler  (N);  alt.  1050  m.,  Beattie, 
Nye  Co.,  5  June  1912,  HeUer  10422  (N);  Caufornia:  Pleasant 
Canon,  Panamint  Mts.,  alt.  1677  m.,  6  May  1897,  Jones  (N);  near 
Independence,  29  May  1906,  alt.  1160  m.,  HaU  &  Chandler  7217  (G); 
hillsides,  Argus  Mts.,  alt.  1220-1525  m.,  1897,  Furpus  5383  (GN); 
Tehachapi  foothills,  Kern  Co.,  30  May  1905,  F,  Grinnell  (N);  east 
slope  of  Walker  Pass,  Kern  Co.,  alt.  1300  m.,  21  June  1891,  Coville  & 
Funston  1020  (N);  Rock  Creek,  desert  slopes  of  San  Gabriel  Mts., 
alt.  1158  m.,  July  1908,  Ahrama  &  McGregor  548  (N);  Liebre  Mts., 
June  1908,  Abrarns  &  McGregor  402  (GN);  Acton,  June  1902,  Elmer 
3724  (N,  type  number  of  E,  actoni^'');  Mohave  Desert,  June  1887, 
S.  B.  Parish  (F);  near  Hesperia,  Mohave  Desert,  30  May  1901,  S.  5. 
Parish  4873  (N);  San  Francisquito  Creek,  27  May  1905,  F.  Grinnell 
(N);  San  Francisquito  Canon,  26  May  1935  (N);  Victor,  alt.  792  m., 

17  May  1903,  Jones  (N);  San  Jacinto,  June  1901,  HaU  2007  (N);  San 
Felipe  Canon,  22  June  1888,  Orcutt  1483  (N);  San  Jacinto,  14  Aug. 
1907,  F.  BaUey  (N);  San  Felipe,  June  1852,  Thurher  634  (G);  San 
Isabel,  June  1852,  Thurher  634  (G);  near  San  Felipe,  10  Oct.  1858, 
Sutton  Hayes  443  (N);  dry  rocky  hills,  Jacumba,  31  May  1903, 
Ahrams  3667  (GN);  Smith's  Mt.,  San  Diego  Co.,  1880,  Vasey  285 
(FN);    Arizona:    Colorado  River,  SchoU  (G)^^    "Jesup  Rapids," 

18  Feb.  1858,  Ives  Expedition,  in  part  (N). 

5.  E.  ALBESCENS  Gray.  Frutescent  (?);  branches  striate,  whit- 
ened with  a  roughish  appressed  pubescence,  terminating  in  naked 


37  Described  by  Elmer  as  having  the  ray-flowers  styliferous,  but  I  do  not 
find  them  so. 

38  Originally  taken  by  Gray  (Bot.  Mex.  Bound.  88)  to  be  E.  consperaa  Benth. 
and  afterwards  considered  (rroc.  Am.  Acad.  viii.  656)  a  small  variety  of  E. 
califomica,  but  best  placed  here. 
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similarly  pubescent  monocephalous  peduncles;  rameal  leaves  ovate, 
obtusish,  barely  toothed,  whitened  with  an  appressed  scabrous 
pubescence  particularly  beneath,  2-2.5  cm.  long,  0.9-1.2  cm.  wide, 
short-petioled;  involucre  7  mm.  high,  the  scales  subequal,  in  2  rows, 
linear-lanceolate,  appressed-pubescent  and  scabrous  without;  rays 
suborbicular,  3-lobed,  12  mm.  long,  pubescent  on  the  back;  disk- 
corollas  5  mm.  long,  pubescent  on  tube  and  teeth;  pales  7  mm.  long, 
scantily  glandular-pubescent  on  back,  fimbriate  at  apex;  immature 
achene  4.7  mm.  long,  villous  on  margin,  appressed-pubescent  on  the 
sides,  bearing  2  unequal  weak  awns,  or  awnless. 

Encelia  albescens  Gray,  Proc.  Am.  Acad.  viii.  658  (1873). 

Specimens  examined:  Sonora:  1869,  Palmer  21  (GN,  cotypes). — 
A  doubtful  species,  known  from  very  insufficient  specimens,  too  close 
to  E.fruiescens  var.  actoni. 

•M-  ♦♦  Mostly  herbaceous  (except  no.  6) ;  heads  always  radiate,  usually  some- 
what racemose;  disk  purple;  awns  absent  (rarely  present  in  one  vanety). 

«  Frutescent;  leaves  small,  oblong,  green;  involucral  scales  glandular-ciliate. 

6.  E.  CONSPERSA  Benth.  Shrubby,  branched,  the  scabrous  bark 
white;  branches  leafy  below,  terminating  in  nearly  naked  1-3- 
branched  peduncles,  the  branches  monocephalous;  leaves  oblong  to 
ovate,  obtusish,  cuneate  or  truncate  at  base,  green,  scabrous-pubes- 
cent especially  beneath,  2-2.5  cm.  long,  8-10  mm.  wide,  on  petioles 
3.5-7  mm.  long;  peduncles  slightly  scabrous;  disk  1-1.3  cm.  in  diame- 
ter, 8  mm.  high;  involucre  5-6  mm.  high,  its  scales  unequal,  3-seriate, 
the  outer  lanceolate,  the  inner  ovate,  glandular  on  back  and  white- 
ciliate  nearly  to  the  tip;  rays  oval,  slightly  3-lobed,  pubescent  on 
tube  and  back;  disk-corollas  5  mm.  long,  with  short  tube,  glabrous; 
pales  6  mm.  long,  about  9-ner\ed,  glandular  on  the  back;  immature 
achenes  2.5  mm.  long,  villous  on  the  margin,  pubescent  on  the  sides. 

Encelia  conspersa  Benth.  Bot.  Voy.  Sulph.  26  (1844). 

Specimens  examined:  Lower  Caufornia:  Magdalena  Island, 
18  Jan.  18^9,  Brandegee  (GN).  Bentham's  type  came  from  Bay  of 
Magdalena. —  Brandegee's  specimens  well  agree  with  Bentham*s 
description,  except  that  the  branches  are  not  "  albo-tomentosis "  nor 
the  scales  "  lineari-lanceolatis."  The  species  must  remain  somewhat 
in  doubt  until  Bentham's  t^-pe  can  be  re-examined.  As  is  suggested 
in  Index  Kewensis,  it  seems  in  the  specimens  at  hand  too  close  to 
E,  halimi folia  Cav. 
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=    =  More  herbaceous;  leaves  larger,  generally  canescent  or  white-tomentose; 
involucral  scales  generally  tomentose  or  canescent-pubescent. 

X  Leaves  green;  scales  mostly  ciliate. 

7.  E.  HALiMiFOLiA  Cav.  Suffrutescent,  branched,  apparently 
diffuse,  the  stems,  young  branches,  and  in  a  less  degree  the  peduncles 
canescent  with  fine  incurved  hairs;  leaves  ovate,  acute  or  obtusish, 
cuneate  or  nearly  truncate  at  base,  entire  or  slightly  repand-toothed, 
somewhat  pubescent  with  incurved  hairs  but  not  canescent,  2.5-3.5 
cm.  long,  1.2-2  cm.  wide,  on  petioles  a  centimeter  long;  peduncles 
axillary  and  terminal,  simple  or  2-3-branched,  monocephalous, 
nearly  naked;  heads  8  mm.  high,  1.2-1.4  cm.  wide  excluding  rays; 
involucre  5-6  mm.  high,  the  scales  somewhat  unequal,  2-3-seriate, 
linear-lanceolate,  glandular-cihate;  rays  10-12,  broadly  oval,  barely 
3-lobed,  pubescent  on  tube  and  back;  disk-corollas  4.5  mm.  long,  with 
short  tube,  glabrous;  pales  7.5  nmi.  long,  glandular-pubescent  on 
back;  immature  achene  3.6  nmi.  long,  villous  on  margin,  otherwise 
nearly  glabrous. 

Encelia  hdimifolia  Cav.  Icon.  iii.  6.  t.  210  ("  1794"  =  1795). 

Pallasia  grandiflora  WiUd.  Sp.  PI.  iii.  2261  (1804). 

Specimens  examined:  Sonora:  Yaqui  River,  1869,  Palmer  12 
(FGN).  There  is  also  a  sheet  in  Gray  Herb,  (ex  herb.  Klatt)  labeled 
"Ex  horto  Scholae  centralis  Monspeliensis.  Mexicof  Peru  via  I" 
but  the  specimen  is  doubtless  from  Mexico. 

X    X  Leaves  canescent  or  tomentose,  or  involucre  densely  pubescent. 

o   Leaves  green;   involucre  usually  densely  and  softly  tomentose;   plants  of 
California  and  Lower  California. 

8.  E.  CALiFORNiCA  Nutt.  Much  branched,  somewhat  spreading 
from  a  frutescent  base,  6-10  dm.  high,  or  on  San  Clemente  Island 
becoming  3-3.6  m.  high,  2.5-10  cm.  in  diameter;  stem  and  peduncles 
canescent  with  fine  incurved-spreading  rather  soft  hairs;  leaves  from 
lanceolate  to  ovate,  acute,  cimeate  or  rarely  slightly  rounded  at  base, 
entire  or  somewhat  repand-dentate,  appressed-pubescent  with  soft 
hairs  but  distinctly  green,  3-6  cm.  long,  1-3  cm.  wide,  on  petioles 
0.5-3  cm.  long;  peduncles  long,  terminal  and  axillary  toward  ends  of 
branches,  nearly  naked;  disk  1.5-2.5  cm.  in  diameter;  involucre 
1-1.3  cm.  high,  the  scales  2-3-seriate,  lanceolate,  densely  tomentose; 
rays  oblong,  14-20,  pubescent  on  tube  and  exterior,  1.5-3  cm.  long; 
disk-corollas  5  nmi.  long,  glabrous  or  the  teeth  pubescent;  pales  7.5- 
10  mm.  long,  glandular-puberulent  above;  achenes  5.5-6  mm.  long, 
villous  on  margin  and  pubescent  down  the  middle  of  each  side,  awnless. 
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Encelia  calif omica  Nutt.  Trans.  Am.  Philos.  See.  ser.  2.  vii.  357 
(1841). 

Specimens  examined:  California:  Santa  Barbara,  1873,  Bolander 
(G);  also  June  1875,  Rothrock  82  (F),  and  May  1902,  Elmer  3899 
(FN);,  ocean  bluflPs,  Santa  Barbara,  16  May  1908,  Eastwood  129 
(FGN);  near  the  35th  parallel,  Whipple's  Exp.,  1853-4,  Bigehw  (N); 
San  Fernando  Valley,  Feb.  1861,  Brewer  187  ("bad  smell",  ON); 
beach  above  San  Buenaventura,  5  Mar.  1866,  S.  F,  Peckham  (N); 
Pasadena,  May  1903,  Grant  395  (F);  Santa  Monica,  Oct.  1881, 
Parish  Bros,  964  (F);  also  24  Jan.  1897,  J.  H,  Barber  29  (N);  near 
beach.  Long  WTiarf,  near  Santa  Monica,  13  Aug.  1910,  Blake  693  (G); 
hillsides,  May  1885,  Los  Angeles,  Hasse  (N) ;  foothills,  Griffith  Park, 
13  Mar.  1902,  Braunton  242  (N);  hillsides  near  Inglewood,  8  Mar. 
1903,  Abrams  3107  (G);  Redondo,  25  May  1902,  Braunton  288  (N); 
hills,  Wilmington,  1  Apr.  1882,  Pringle  (FN);  near  Riverside,  alt. 
366  m.,  Apr.  1902,  HaU  2922  (N);  San  Diego,  Parry,  Newberry, 
NuUall  (G);  also  1875,  Palmer  169  (F),  28  Feb.  1884,  OrcuU  (F), 
15  Mar.  1882,  Jones  3069  (N),  29  Jan.  1894,  //.  A,  Sheldon  45  (N), 
30  Mar.  1896,  C.  £.  Cummings  (G),  1  May  1902,  Brandegee  (Baker 
distr.  1657,  FGN),  May  1906,  Brandegee  (F);  La  JoUa,  16  Feb.  1895, 
Snyder  (F);  seashore,  30  m.  from  Lower  California,  24  Feb.  1883, 
G.  C.  Deane  (G);  CataUna  Island,  30  Jan.  1874,  Baker  &  Doll  (GN); 
Avalon,  May  1898,  Trask  (N);  San  Clemente  Island,  25  Aug.  1894, 
Meams  4067  (N);  Chalk  Canon,  San  Clemente  Island,  June  1903, 
Trask  204  ("10-12  ft.  tall;  1-i  ins.  diam.",  N);  Arizona:  Ft. 
Mohave,  1860-1,  Cooper  324  (N).  Lower  Caufornia:  Todos 
Santos,  13  May  1882,  H,  E,  Fish  (F);  San  Quentin  Bay,  Jan.  1889, 
Palmer  661  (N),  662  (GN).—  BaUey  (Cyc.  Am.  Hort.  ii.  529  (1900)) 
states  that  this  species  is  in  cultivation. 

8)9.  E.  californica  Nutt.  var.  asperifolia  Blake,  n.  var.,  frutes- 
centior  capitulis  foliisque  plerumque  minoribus;  disco  1.2-1.8  cm. 
diametro;  pube  caulium  foliorumque  asperiore;  foliis  ovalibus  vel 
ovatis  1.5-3  cm.  longis  1-1.5  cm.  latis  scabris  subintegrb;  involucro 
breviore,  pube  densa  aspera,  squamis  subglandulosis  ad  apicem  sub- 
glabratis;   acheniis  rare  cum  aristis  1-2  tenuibus. 

Specimens  examined:  Lower  Caufornia:  near  Rosario  and  San 
Fernando,  4  May  1886,  Orcutt  1346  (FGN);  Lagoon  Head,  40  miles 
inland,  6-15  Mar.  1889,  Palmer  822  (GN);  Cedros  Island,  1875, 
Streets  (GN),  also  18-20  Mar.  1889,  Palmar  702  (FGN:  1  or  2  weak 
awns  present),  Mar.-June  1897,  Anthony  292  (cotypes  in  FGN); 
San  Benito  Island,  Streets  (G);  San  Bartolome  Bay,  Mar.  1889,  Lt. 
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C,  F,  Pond  (N). —  Often  confused  with  E.friUescens  Gray,  from  which 
the  purple  disk  at  once  distinguishes  it. 

o  o  Leaves  canescent  or  tomentose;  involucre  not  densely  tomentose;  plants 
of  South  America  (except  one  species  of  Lower  California,  with  cordate 
leaves). 

+  Leaves  cuneate  or  rounded  at  base;    plants  of  South  America  and  the 
Galapagos  Islands. 

—  Pubescence  usually   soft;   heads  (except  in  starved  specimens)   long-pe- 
duncled;  South  American. 

9.  E.  CANESCENS  Lam.  Suffrutescent  below,  suberect,  canescent 
with  a  rather  soft  pubescence,  the  stem  about  6  dm.  long;  leaves 
broadly  ovate,  rounded  at  base,  obtuse  or  rounded  at  tip,  canescent 
with  a  soft  pubescence,  2.5-5  cm.  long,  1.6-3.5  cm.  broad,  on  petioles 
0.5-2  cm.  long;  inflorescence  few-headed,  terminal,  the  heads  racemose 
or  corymbose-panicled;  disk  1-1.5  cm.  in  diameter;  involucre  5-7  mm. 
high,  its  rather  loose  bracts  lanceolate  to  lance-ovate,  somewhat  tri- 
seriate,  tomentose;  rays  about  12,  broadly  oval,  faintly  2-3-lobed, 
7  mm.  long;  disk-corollas  4.5  mm.  long,  the  short  tube  glandular,  the 
teeth  hairy;  pales  8  mm.  long,  glandular-hairy  on  the  back;  achenes 
6  mm.  long,  2.7  mm.  wide,  blackish  with  narrow  white  villous  margin, 
pilose  down  the  middle  of  the  sides,  awnless. 

Encelia  canescens  Lam.  Encycl.  Method,  ii.  356  (1786);  Cav.  Icon, 
i.  45.  t.  61  (1791). 

Coreopsis  limensis  J &cq.  Coll.  ii.  299  (1788),  &  Icon.  PL  Rar.  iii.  t. 
594  (1786-1793). 

Enselia  limensis  Jacq.  Coll.  1.  c.  300;  Encelia  limensis  Steud.  Nom. 
ed.  2.  420  (1840). 

Palladia  halimifolia  L'H^r.  in  Ait.  Hort.  Kew.  iii.  498  (1789). 

Encelia  altemifolia  Raeuschel,  Nom.  ed.  3.  251  (1797). 

Eucalia  canescens  Raeusch.  1.  c.  (1797). 

Specimens  examined:  Peru:  dry  seacoast,  Payta,  Col.  Hall  (G); 
Lima  and  San  Lorenzo,  Gaudichaiid  112  (G) ;  without  definite  locality, 
Dombey  (G),  McLean  (G);  Wilkes  ExpL  Exp,  (N),  approaching  var. 
oblongifolia;  Chili:  sandy  places,  Copiapo,  Sept.  1854,  Lechler  2801 
(G). —  Passes  into  the  following  varieties. 

9/3.  E.  CANESCENS  Lam.  var.  parvifoua  (HBK.)  J.  Ball.  Pubes- 
cence denser,  almost  tomentose;  leaves  rhombic-ovate  or  ovate-lanceo- 
late, cuneate  at  base,  acute  or  subacute  at  tip;  achenes  rather  more 
hairy. 

Encelia  parvifolia  HBK.  Nov.  Gen.  iv.  206  (1820). 
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Encelia  cane^cens  var.  parvifolia  J.  Ball,  Joum.  Linn.  See.  xxii. 
151  (1887). 

Pcdlasia  procumbens  Spreng.  Sys.  iii.  610  (1826). 

Encelia  paudfolia  Walp.  Linnaea  xiv.  505  (1840)  [err.  cler.]. 

Encelia  pilocarpa  Rusby,  Bull.  X.  Y.  Bot.  Gard.  v-iii.  131  (1912). 

Specimens  examined:  Peru:  Arequipa,  8  Aug.  1901,  Williams 
2526  (GN,  type  number  of  E.  pilocarpa);  without  definite  locality, 
McLean  (G);  Chiu:  desert  of  Atacama,  Sept.-Oct  1890,  Morong 
1311  (FGX,  distr.  as  E.  iomeniosa  Walp.) ;  sandy  places  near  Caldera, 
May  1882,  Ball  (G).    With  no  locaUty:  Wilkes  Expl.  Exp.  (X). 

97.  E.  CANESCENS  Lam.  var.  tomentosa  (Walp.)  J.  Ball.  Appar- 
ently more  frutescent;  stem  and  the  small  broadly  ovate  blunt  short- 
petioled  leaves  densely  white-woolly. 

Encelia  tomentosa  Walp.  Linnaea  xiv.  504  (1840). 

Encelia  canescens  var.  tomentosa  J.  Ball,  Joum.  Linn.  Soc.  xxii.  160 
(1887). 

Specimens  examined:  South  America:  Wilkes  ExpL  Exp.,  without 
locality  (X").    Walpers  says  of  his  species:  "e  Chili  misit  Filler'* 

95.  £.  canescens  Lam.  var.  oblongifolia  (DC.)  Blake,  n.  comb. 
Leaves  oblong-lanceolate  to  rhombic-ovate,  somewhat  less  pubescent 
than  in  the  typical  form,  about  the  shape  of  those  of  var.  parvifolia 
but  much  less  pubescent;  heads  apparently  fewer,  on  much  longer 
peduncles. 

Encelia  oblanffifolia  DC.  Prod.  v.  567  (1836). 

Specimens  examined:  Chiu:  Coquimbo,  Gaudichaud  85  &  86  (G, 
cotype);  Coquimbo,  July-Aug.  1856,  Harvey  (G);  without  definite 
locality.  Gay  (G). 

Pubescence  harsh;   heads  racemose,  on  peduncles  about  3  cm.  long; 

plant  of  the  Gdapagos  Islands. 

10.  E.  HisPiDA  Anderss.  Branching,  erect,  0.6-1  m.  high,  canescent 
with  a  dense  hispid  pubescence,  the  branches  striate;  leaves  oblong, 
cuneate  at  base,  subeiltire  or  repandly  toothed,  4-5  cm.  long,  1.4-2.2 
cm.  broad,  on  spreading-hirtous  petioles  1-1.8  cm.  long,  appressed- 
hirsutulous  above,  more  densely  so  beneath  particularly  along  the 
veins;  heads  racemose  in  inflorescences  terminating  the  branches, 
the  arcuate-spreading  peduncles  linear-bracted  at  base,  2-3.5  cm.  long, 
densely  \Tllous-hispid;  heads  small,  8  mm.  high,  9-11  mm.  wide 
exclusive  of  rays;  involucre  4-5  mm.  high,  the  scales  lanceolate,  2- 
seriate,  somewhat  imequal,  densely  villous-hispid,  the  outer  a  little 
loose;  rays  oval,  tridentate,  pubescent  on  the  back,  4.2  mm.  long; 
disk-corollas  3.5-4.5  mm.  long,  the  short  tube  and  teeth  pubescent; 
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pales  4.7  mm.  long,  upwardly  villous;  achenes  (not  quite  mature) 
narrowly  obovate,  4.5  mm.  long,  villous  on  margin  and  pubescent 
medially  on  the  sides. 

Encelia  hupida  Anderss.  Om  Galap.-Oames  Veg.  73  (1853). 

Specimens  examined:  Galapagos  Islands:  dry  grassy  places, 
Chatham  and  Charles  Islands,  Andersson  (G,  type  collection). 

+  +  Mature  leaves  cordate-ovate;   plant  of  Lower  California. 

11.  E.  Palmeri  Vasey  &  Rose.  Suffrutescent,  branched,  1  m.  high, 
the  stems  whitened  with  a  dense  hispid  pubescence,  the  branches 
rather  sharply  angled;  leaves  broadly  ovate,  cordate  or  rarely  trun- 
cate at  base,  rounded  or  obtuse  at  apex  or  the  younger  acute,  hispid- 
canescent  on  both  sides  or  sometimes  almost  velutinous,  entire  or 
with  blunt  triangular  teeth,  1.5-4  cm.  long,  1.1-3.5  cm.  broad,  on 
petioles  3-10  mm.  long,  with  ampliated  base;  heads  peduncled,  several 
in  a  glandular-hispid  paniculate  inflorescence,  the  bracts  minute; 
disk  1-2  cm.  broad;  involucre  1  cm.  high,  the  rather  loose  scales 
lanceolate  to  linear-lanceolate,  triseriate,  somewhat  unequal,  glandular 
on  the  back,  densely  villous  on  sides  nearly  to  tip,  somewhat  pubescent 
inside;  rays  about  20,  10  mm.  long,  broadly  oval,  slightly  trilobed, 
pilose  on  tube  and  back;  disk-corollas  5  mm.  long,  nearly  glabrous, 
the  disk  brownish  purple;  pale  8  mm.  long,  glandular-pubescent  on 
the  back  above;  achenes  4.5  mm.  long,  villous  on  the  angles  and 
slightly  pubescent  down  the  midline  of  the  sides. 

Encelia  Palmeri  Vasey  &  Rose,  Proc.  U.  S.  Nat.  Mus.  xi.  535  (1889). 

Specimens  examined:  Lower  Californli:  Lagoon  Head,  6-15 
Mar.  1889,  Palmer  805  (FGN,  type  collection)  :  San  Jos^  del  Cabo, 
Mar.-June  1897,  Anthony  326  (GN);  La  Paz,  20  Jan.-5  Feb.  1890, 
Palmer  15  (GN). 

*  *  *  Angustipoliae.    Leaves  narrowly  linear;  awns  present;  disk  yellow. 
••-  Leafy-stemmed;  heads  solitary,  terminal;  leaves  glabrous  beneath. 

12.  E.  ANGUSTiFOLiA  Grccnm.  An  herbaceous  perennial,  the 
stems  several,  erect,  3-4  dm.  high,  striate,  purplbh  below,  slightly 
pubescent  above,  from  a  woody  root;  leaves  scattered,  narrowly 
linear,  attenuate,  subsessile,  with  3  strong  somewhat  reticulated 
nerves,  glabrous  or  nearly  so  below,  appressed-hirsutulous  above,  2.5^ 
cm.  long,  1.5-2.5  mm.  wide,  remotely  serrulate;  heads  pedunculate, 
solitary,  terminating  the  stems,  about  1  cm.  high,  the  peduncle 
bearing  a  slender  bract  just  below  the  head;  scales  apparently 
few  and  rather  loose,  lance-attenuate,  ciliate,  1-2-seriate;  rays  about 
5,  oblong,  barely  tridentate,  15  mm.  long,  4  mm.  wide;  disk-corollas 
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rather  few,  5.5  mm.  long,  pubescent  on  tube  and  teeth;  pales  8  mm. 
long,  pubescent;  immature  achene  2.5  mm.  long,  villous  on  the 
margin  and  slightly  pubescent  on  the  sides,  bearing  2  upwardly 
pubescent  awns  about  its  own  length. 

Encelia  angtistifolia  Greenm.  Proc.  Am.  Acad,  xxxix.  110  (1903). 

Specimen  examined:  Territory  of  Tepic:  in  the  Sierra  Madre, 
13  Aug.  1897,  Rose  3453  (G,  type  collection). 

^-  -»-  Scapose;  head  solitary,  terminal;  leaves  puberulent  both  sides. 

13.  E.  SCAPOSA  Gray.  Herbaceous  perennial,  simple  and  erect, 
3.5  dm.  high,  the  leaves  all  clustered  at  the  base,  the  monocephalous 
scape  naked  except  for  two  linear  bracts;  the  lowest  leaves  scalelike; 
leaves  linear,  3.5-8.5  cm.  long,  1.5-4  mm.  wide,  attenuate,  subsessile, 
with  whitish  cartilaginous  margin  and  tip,  rough-puberulent  both 
sides;  scape  puberulent  especially  above,  striate,  whitish;  head  1  cm. 
high,  2  cm.  wide  excluding  the  rays;  scales  linear-lanceolate,  subequal, 
about  2-rowed,  rather  loose,  white-hispid  on  the  back;  rays  pubescent 
on  tube  and  back,  apparently  rather  numerous,  oval,  15  mm.  long, 
6  mm.  wide;  disk-corollas  5  mm.  long,  pubescent  on  teeth  and  short 
tube;  pales  10  mm.  long,  rather  narrow,  about  9-nerved,  pubescent 
above;  immature  achenes  4.5  mm.  long,  pubescent  on  the  sides, 
villous  on  margin  and  top,  as  are  the  two  awns  which  are  about  as 
long. 

Simdaf  (Geraea)  scaposa  Gray,  PI.  Wright,  ii.  SS  (1853). 
Encelia  scaposa  Gray,  Proc.  Am.  Acad.  viii.  657  (1873). 
Specimen  examined:  New  Mexico:  stony  hills  between  the  Mim- 
bras  and  the  Rio  Grande,  Oct.  1851,  C,  Wright  (G,  type  collection). 

-»-  4-  -H-  Heads  numerous,  panicled;   plant  resinous. 

14.  E.  stenophylla  Greene.  Perennial,  the  stems  several  and 
erect  from  a  somewhat  branched  woody  base  bearing  the  scars  of 
former  leaves,  more  or  less  glutinous;  leaves  mostly  crowded  toward 
the  bases  of  the  stems,  linear,  4.5-8  cm.  long,  1-2  mm.  wide,  mucronu- 
late,  somewhat  fleshy,  glutinous,  slightly  hairy  along  the  margin,  the 
edges  more  or  less  revolute;  heads  corymbose-panicled  toward  tip  of 
stem,  on  peduncles  1-3  cm.  long;  disk  8  mm.  high,  7-11  nmi.  wide; 
involucre  3.5-4  mm.  high,  the  scales  lance-ovate,  about  3-seriate, 
somewhat  unequal,  resinous  and  slightly  ciliate,  rather  strongly 
ribbed;  rays  about  6,  oval,  entire,  resin-dotted  on  tube  and  back, 
5.5  mm.  long;  disk-corollas  4.5  mm.  long,  resin-dotted,  the  throat 
broadly  oblong;  pales  7.5-8.3  mm.  long,  rounded  at  tip,  resin-dotted; 
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achene  5  mm.  long,  villous  all  over,  the  awns  2  mm.  long,  upwardly 
pubescent. 

Encelia  stenophylla  Greene,  Bull.  Torr.  Club,  x.  41  (1883). 

Specimens  examined:  Lower  California:  Cedros  Island:  Veaich 
(GF,  TYPE  collection);  3  May  1885,  Greene  (G);  18-20  Mar.  1889, 
Palmer  734  (FGN);  Mar.-June  1897,  Anthony  309  (FGN);  7  Apr. 
1897,  Brandegee  (F). 

Transferred  and  doubtful  Species. 

Encelia  adenophora  Greenm.  Proc.  Am.  Acad,  xxxix.  109  (1903)  is 
to  be  transferred  to  Simsia, 

Encelia  amplexicaulis  Hemsl.  Biol.  Centr.-Am.  Bot.  ii.  183  (1881)  is 
a  synonym  of  Simsia  amplexicaulis  (Cav.)  Pers. 

Encelia  calm  Gray,  Pxoc.  Am.  Acad.  viii.  658  (1873),  is  a  synonym  of 
Simsia  calva  Gray. 

Encelia  cedrosensis  Rose,  Contr.  U.  S.  Nat.  Herb.  i.  17  (1890)  = 
Verbesina  hast  ATA  Kell.  (F.  venosa  Greene). 

Encelia  Chaseae  Millsp.  in  Millsp.  &  Chase,  Field  Col.  Mus.  Bot. 
iii.  125  (1904),  is  to  be  transferred  to  Simsia. 

Encelia  colhdes  Greenm.  Proc.  Am.  Acad,  xxxix.  110  (1903),  from 
Chiapas  =  Flourensia  collodes  (Greenm.)  Blake,  n.  comb.  Habit 
very  much  like  that  of  F.  laurifolia  DC,  but  heads  fewer  and  radiate; 
immature  achenes  villous,  the  two  awns  united  at  base  to  several 
slender  lacerate  squamellae. 

Encelia  Conzattii  Greenm.  1.  c.  Ill  (1903)  =  Verbesina  hypo- 
glauca  Sch.  Bip.  (as  noted  by  Greenman  in  Gray  Herb.). 

Encelia  cordata  Hemsl.  1.  c.  183  (1881)  is  a  synonym  of  Simsla 
coRDATA  (HBK.)  Cass. 

Encelia  deniata  Poir.  Encycl.  Suppl.  v.  665  (1817)  =  Verbesina 
DENTATA  (Humb.  &  Bonpl.)  HBK. 

Encelia  exaristata  Gray  in  Hemsl.  1.  c.  183  (1881)  =  Simsia  exaris- 
TATA  Gray. 

Encelia  foetida  Hemsl.  1.  c.  183  (1881)  is  a  synonym  of  Coreopsis 
foetida  Cav.,  which  is  a  Simsia. 

Encelia  fruticulosa  Hieron.  Bot.  Jahrb.  xix.  54  (1894)  is  based  as  to 
name  on  Hopkirkia  fruticulosa  Spreng.  Sys.  iii.  444  (1826),  which  is 
also  Armania  fruticulosa  Bert,  in  DC.  Prod.  v.  576  (1836),  a  species 
not  identified  but  certainly  a  Simsia.  Hieronymus  has  renamed  his 
specimens  Encelia  Sodiroi,  q.  v. 

Encelia  Ghiesbreghtiana  Hemsl.  1.  c.  iv.  57  (1887)  is  a  clerical  error 
for  E.  Ghiesbreghtii  Gray. 
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Encelia  Ghiesbreghtii  Gray,  Proc.  Am.  Acad.  vnii.  658  (1873),  is  to  be 
transferred  to  Simsia. 

Encelia  glutinosa  Rob.  &  Greenm.  Am.  Joum.  Sci.  ser.  3. 1. 155  (1895) 
from  Oaxaca  =  Flourensia  glutinosa  (Rob.  &  Greemn.)  Blake, 
n.  comb.  Habit  much  as  in  F.  collodes,  but  petioles  and  young 
branches  tomentose,  heads  numerous  and  corymbed,  and  the  decidedly 
villous  young  achenes  2-aT\Tied  but  without  squamellae. 

Encelia  grandiflora  Hemsl.  1.  c.  ii.  184  (1881)  is  a  synonym  of  Simsia 

GRANDIFLORA  Benth. 

Encelia  heterophylla  Hemsl.  1.  c.  184  (1881)  is  a  synonym  of  Simsia 

HETEROPHYLLA  (HBK.)  DC. 

Encelia  hirsuta  Ktze.  Rev.  Gen.  iii.  pt.  2.  145  (1898),  including  f. 
radiata  Ktze.  1.  c,  is  to  be  transferred  to  Simsia, 

Encelia  hispida  Hemsl.  1.  c.  184  (1881)  is  a  synonym  of  Simsia 
HiSPiDA  (HBK.)  Cass. 

Encelia  hypargyrea  Rob.  &  Greenm.  Am.  Joum.  Sci.  ser.  3.  1.  155 
(1895),  from  Oaxaca  and  Puebla,  =  Viguiera  argsrrophylla  Blake, 
n.  nom.  (not  V,  hypargyrea  Greenm.  Proc.  Am.  Acad,  xxxix.  105 
(1903)).  Pappus  of  two  awns  with  several  short  fimbriate  scales  be- 
tween; achene  thickened  and  appressed-pubescent. 

Encelia  lagascaeformis  Gray  in  Hemsl.  1.  c.  184  (1881)  =  Simsia 
LAOASCAEFORMis  DC.  (as  to  name  only). 

Encelia  maculata  Brandeg.  Zoe  v.  259  (1908),  from  Puebla  and 
Oaxaca  =  Viguiera  znaculata  (Brandeg.)  Blake,  n.  comb.  Pappus 
and  achene  of  Viguiera,  Related  to  Viguiera  eriophora  Greenm.  The 
specimens  examined  {Pur pus  4127)  have  the  ray-flowers  styliferous. 

Encelia  megacephala  Sch.  Bip.,  a  nomen  in  Ktze.  Rev.  Gen.  iii. 
pt.  2. 145  (1898),  is  a  Simsia. 

Encelia  mexicana  Mart,  in  DC.  Prod.  v.  578  (1836)  is  a  synonym  of 
Simsia  auriculata  DC. 

Encelia  microcephala  Gray,  Proc.  Am.  Acad.  viii.  657  (1873)  = 
Helianthella  ancROCEPHALA  Gray,  1.  c.  xix.  10  (1883). 

Encelia  microphylla  Gray,  1.  c.  xv.  37  (1880),  from  Coahuila  =  Flou- 
rensia microphylla  (Gray)  Blake,  n.  comb.  Habit  of  Flourensia; 
achene  somewhat  thickened  (perfectly  ripe  fruit  not  seen),  densely 
villous  in  the  manner  of  F,  laurifolia  DC,  with  or  without  a  pappus 
of  2  upwardly  pubescent  awns.  The  likeness  to  Flourensia  of  this 
species  was  commented  on  by  Dr.  Gray  (Proc.  Am.  Acad.  xix.  7,  and 
Syn.  Fl.). 

Encelia  mmtana  Brandeg.  Univ.  Calif.  Pub.  Bot.  iii.  394  (1909), 
from  Cerro  de  Paxtle,  Puebla  {Purpus  3103)  =  Viguiera  heuan- 
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THOIDES  HBK.  The  ray-flowers  are  described  as  neutral  by  Brande- 
gee,  but  in  the  specimens  of  the  type  collection  examined  are  styliferous 
but  imdoubtedly  sterile. 

Encelia  nivea  Benth.  Bot.  Voy.  Sulph.  27  (1844)  has  been  variously 
identified,  but  from  the  opposite  leaves  and  the  thickened  achenes 
cannot  have  been  an  Encelia^  and  was  probably  a  Viguiera, 

Encelia  ohlonga  Rob.  &  Fern.  Proc.  Am.  Acad.  xxx.  118  (1894),  from 
Durango  and  Chihuahua,  is  a  synonym  of  Helianthella  Pringlei  Gray, 
Proc.  Am.  Acad.  xxi.  389  (1886).  The  species,  an  alternate-leaved 
frutescent  plant  with  large  heads  solitary  and  long-peduncled  at  tips 
of  stems,  and  involucre  of  ovate-based  long-attenuate  somewhat 
foliaceous  bracts  much  exceeding  the  slightly  resinous  disk,  is  some- 
what anomalous  in  appearance,  but  seems  best  referred  to  Flourensia 
as  F.  Pringlei  *  (Gray)  Blake,  n.  comb.  The  achenes  are  oblong, 
11  mm.  long,  much  thickened,  striate,  densely  pubescent,  and  tend 
at  maturity  to  lose  the  2  awns  which  compose  the  pappus. 

Encelia  pilosa  Greenm.  1.  c.  xxxix.   Ill    (1903)  is  a  synonym  of 

SiMSIA  LAGASCAEFORMIS  DC. 

Encelia  pleiMocepkala  J.  D.  Sm.  Bot.  Gaz.  xiii.  189  (1888)  =  Ver- 
BESiNA  PLEiSTOCEPHALA  (J.  D.  Sm.)  Rob.  Proc.  Am.  Acad,  xliii.  41 
(1907). 

Encelia  polycephcda  Hemsl.  1.  c.  184  (1881)  is  a  synonym  of  Simsia 
POLYCEPHALA  Benth. 

Encelia  Pringlei  Fern.  Proc.  Am.  Acad.  xxxv.  573  (1900),  from 
Hidalgo,  has  the  pappus  and  achene  of  Viguiera  and  should  be  referred 
to  that  genus  as  Viguiera  trachyphylla  Blake,  n.  nom.  (not  V. 
Pringlei  Rob.  &  Greenm.  Proc.  Am.  Acad.  xxix.  387  (1894). 

Encelia  purpurea  Rose,  Contr.  U.  S.  Nat.  Herb.  i.  336  (1895)  = 
Simsia  lagascaeformis  DC. 

Encelia  resinosa  Brandeg.  Zoe  v.  240  (1906),  from  Hidalgo,  an 
alternate-leaved  resinous  shrub  with  a  few  racemose  axillary  large 
heads,  seems  best  referred  to  Flourensia  as  F.  resinosa  (Brandeg.) 
Blake,  n.  comb.  The  yoimg  achene  is  flattish,  scantily  haired  on  the 
sides  and  thickly  at  the  apex,  with  two  long  awns  disposed  to  be 
trifid  from  near  the  base. 

Encelia  rhombifolia  Rob.  &  Greenm.  Am.  Journ.  Sci.  ser.  3.  1.  155 
(1895),  from  Oaxaca  =  Viguiera  rhombifolia  (Rob.  &  Greenm.) 
Blake,  n.  comb.  Pappus  of  two  awns  with  intermediate  short  squamel- 
lae;  achene  thickened  and  pubescent. 

Encelia  sanguinea  Hemsl.  I.  c.  185  (1881)  =  Simsia  sanguinea  Gray. 

Encelia  sericea  Hemsl.  1.  c.  185  (1881)  is  a  Simsia, 

Encelia  Sodiroi  Hieron.  Bot.  Jahrb.  xxix.' 43  (1900)  is  a  Simsia, 
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Encelia  squarrosa  Greenm.  Proc.  Am.  Acad,  xxxix.  112  (1903), 
from  Guerrero  =  Viguiera  squarrosa  (Greenm.)  Blake,  n.  comb. 
Achene  and  pappus  quite  of  this  genus.     A  very  distinct  species. 

Encelia  striata  Seaton,  Proc.  Am.  Acad,  xxviii.  120  (1893),  from  Mt. 
Orizaba  and  Esperanza,  Mexico  =  Verbesina  Seatoni  Blake,  n.  nom. 
(not  V.atrida  (Hemsl.)  Gray,  1.  c.  xix.  13  (1883)).  Closely  related  to 
V.  hypomalaca  Rob.  &  Greenm.  and  to  V.  stricta  (Hemsl.)  Gray;  dis- 
tinguished from  the  latter  by  the  not  scabrous  under  leaf-surface, 
and  from  the  former  by  the  shorter  broader  crenate-dentate  leaves 
not  cordate-clasping  at  the  base. 

Encelia  subaristata  Gray  in  Hemsl.  1.  c.  185  (1881)  is  a  synonym  of 
SiMSiA  8UBARI8TATA  Gray. 

Encelia  suffrutescens  R.  E.  Fries,  Nova  Act.  Soc.  Sci.  Upsal.  ser.  4. 
i.  no.  1.  83.  pi.  6.  fig.  1-3  (1905),  from  northern  Argentina  =  Flou- 
REN8IA  suflrutescens  (R.  E.  Fries)  Blake,  n.  comb.  Young  achene 
plumpish,  with  t\i'o  upwardly  pubescent  awns;  habit  of  Flourensia, 
the  heads  radiate  but  scarcely  resinous. 

Encelia  tenuis  Femald,  Proc.  Am.  Acad,  xxxiii.  94  (1897)  is  a  Simsia. 

SIMSIA  Pers.  (dedicated  to  Jacob  Sims,  editor  of  Curtis'  Botanical 
Magazine  from  1784  to  1816). —  Heads  small  or  medium,  radiate  or 
discoid,  the  flowers  yellow  or  purple.  Involucral  scales  in  3  or  4  rows, 
subequal  or  distinctly  seriate,  lance-ovate  to  lance-linear.  Receptacle 
slightly  convex;  pales  scarious,  stiff,  acuminate,  conduplicate  about 
the  achenes,  persisting  after  the  fall  of  the  latter.  Rays  slightly 
bidentate,  yellow  or  rarely  purple,  sometimes  wanting;  disk-corollas 
with  short  usually  pubescent  tube  and  cylindric  throat,  5-toothed, 
yellow  or  purple,  sometimes  changing  color  with  age.  Style  branches 
attenuate,  hispid-villous.  Disk-achenes  strongly  compressed,  very 
flat,  obovate  or  oblong,  glabrous  or  more  often  appressed-pubescent, 
never  villous,  with  thin  unmargined  edges,  calvous  or  usually  biaris- 
tate. —  Annuals  or  sometimes  perennials,  with  at  least  the  lower  leaves 
opposite,  and  usually  paniculate  heads.  Type  species  S.  ficifolia 
Pers.  and  S.  aviplexicaulis  (Cav.)  Pers.,  both  reducible  to  S.foetida, — 
About  22  species  of  western  America,  from  the  arid  southwestern 
part  of  the  United  States  to  Argentina;  one  species  in  Jamaica. 

Sinisia  Pers.  Syn.  ii.  478  (1807),  excl.  S.f  heterophylla  which  = 
lostephane  heterophylla  (Cav.)  Benth. 

Armania  Bert,  in  DC.  Prod.  v.  576  (1836). 

Barrattia  Gray  &  Engelm.  Am.  Joum.  Sci.  ser.  2.  iii.  274  (Mar. 
1^7). 
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Synopsis  of  Species. 

*  Petiole-bases  connate  into  conspicuous  foliaceous  stipule-like  appendages; 
tuberous-rooted  perennials,  at  least  the  first  species. 

•*-  Involucral  scales -subequal;   heads  solitary,  long-pedunculate,  terminating 

the  branches. 

1.  S.  CALVA  (Gray  &  Engelm.)  Gray.  Erect,  much  branched, 
from  a  thick  woody  tuberlike  root,  harsh  with  white  bristle-like  hairs 
with  swollen  bases  intermixed  w  ith  a  fine  puberulence,  the  stem  and 
branches  striate-grooved;  leaves  opposite  usually  to  tips  of  the 
branches,  very  harsh  with  a  double  pubescence  like  that  of  stem, 
lance-deltoid  in  outline,  acute  at  apex,  somewhat  cordate  at  base, 
crenate-dentate,  unlobed  or  hastately  eared  or  deeply  trilobed,  3-5 
cm.  long,  1.5-4  cm.  ^-ide,  on  short  margined  petioles  7-12  mm.  long, 
their  bases  united  into  broad  entire  or  lobed  foliaceous  disks;  heads 
solitary  on  long  naked  peduncles  terminating  the  branches,  the  disk 
1-2.2  cm.  wide;  involucre  7-9  mm.  high,  the  scales  linear-lanceolate 
to  linear-oblong,  in  about  3  rows,  subequal  or  the  outer  series  slightly 
shorter,  densely  hispid  and  covered  with  a  fine  puberulence,  somewhat 
green-nerved;  rays  20-30,  yellow,  somewhat  livid  without,  oval, 
8  mm.  long,  pubescent  on  tube  and  nerves  of  back;  disk-corollas 
yellow,  becoming  purplish  upwardly,  puberulent,  6.5  mm.  long,  the 
tube  very  short;  pales  8  mm.  long,  puberulent  on  back  and  sub- 
herbaceous  tip;  achene  glabrous,  emarginate,  awnless,  mottled  with 
black  and  gray,  4.5  mm.  long,  2.5  mm.  broad. 

Barrattia  calva  Gray  &  Engelm.  Am.  Joum.  Sci.  ser.  2.  iii.  275 
(1847). 

Sinma  calva  Gray,  PI.  Lindh.  ii.  228  (1850). 

Encclia  {Barrattia)  calm  Gray,  Proc.  Am.  Acad.  viii.  658  (1873). 

Specimens  examined:  Texas:  rocky  bluffs,  Baird,  Apr.  1882, 
Reverchon  (N) ;  rocky  terraces  of  limestone  hills,  under  stunted  live 
oaks,  Comanche  Spring,  June  1849,  Lindheimer  60  (G);  Comanche 
Spring,  June  1849,  Lindheimer  900  (FGN);  Brazos,  Sutton  Hayes 
47  part  (F);  dry  hills,  local,  Austin,  22  Oct.  1891,  J.  E.  Bodin  192  (N); 
rocky  soil,  in  open  woods  between  the  headwaters  of  the  Guadalupe 
and  Pedernales  Rivers,  Oct.  1845,  Lindheimer  432  (G,  type);  top  of 
dry  hills,  Pedernales,  1847,  Lindheimer  39  (G) ;  summit  of  rocky  hills. 
Upper  Guadalupe,  1846,  Lindheimer  142  (G)  [?=  Lindheimer  III  433: 
GNJ;  San  Antonio,  28  July  1882,  Letterman  5  (N);  common  in 
woods,  San  Antonio,  18  Sept.  1901,  Bush  837  (N);  Spring  Creek, 
Gillespie  Co.,  6'.  Jcrmy  (F);   Kerrville,  alt.  487-610  m.,  June  1894, 
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summis  altemis  denique  minimis  linearibus;  capitulis  paniculatis; 
disco  11-15  mm.  alto  8-12  mm.  diametro;  involucri  squamis  4-seriatis 
exterioribus  sensim  brevioribus  striatis  margine  et  apice  minute 
glanduloso-strigosis  lanceolatis  interioribus  lanceolato-attenuatis  disco 
subaequalibus;  radiis  ca.  12  oblongo-ovalibus  flavis  6.5  mm.  longis; 
disci  flosculis  8  mm.  longis  (tubulo  1.5  mm.)  puberulo-glandulosis 
flavidis  denique  purpurascentibus;  paleis  11.5  mm.  longis  lateraliter 
sublaceratis  dorso  et  apice  subherbaceo  acuminato  glanduloso- 
pubescentibus;  acheniis  5  mm.  longis  2.4  mm.  latis  appresse  pubes- 
oentibus  interdum  subglabris  supra  ciliatis  calvis  vel  cum  aristis  2 
tenuibus  sursum  ciliatis  ad  2.2  mm.  longis. 

Specimens  examined:  Sonora:  Alamos,  16-30  Sept.  1890,  Palmer 
741  (coTYPES  in  Gray  Herb,  and  Nat.  Herb.,  no.  46131). —  Distributed 
as  Encelia  mexicana,  from  which  it  is  very  distinct. 

•M.  4H.  Leaves  unlobed;  stems  merely  glandular;   heads  9-10  mm.  high,  5-7 

mm.  wide. 

3.  S.  tenuis  (Fernald)  Blake,  n.  comb.  Base  and  lowest  leaves 
unknown;  stem  finely  and  thickly  glandular,  only  the  ultimate 
branches  of  the  inflorescence  somewhat  setose;  leaves  deltoid-ovate, 
cordate  with  broad  shallow  sinus,  acute,  crenate,  glandular-puberu- 
lent  and  somewhat  strigose,  on  glandular  and  setose  barely  margined 
petioles  1-2.5  cm.  long,  with  their  bases  united  into  rounded  crenate 
foliaceous  disks;  inflorescence  much  branched,  the  branches  slender, 
the  very  slender  peduncles  2-10  cm.  long;  heads  short-cylindric; 
scales  3-4-seriate,  distinctly  graduated,  the  outer  ovate,  the  inner 
lance-acuminate,  glandular-puberulent,  ciliate  above,  striate-veined; 
rays  about  8,  yellow,  oval,  6  mm.  long,  barely  bidentate,  hairy  on  tube 
and  slightly  pubescent  on  back;  disk-corollas  5.8  mm.  long,  glandular- 
puberulent  on  tube  and  pubescent  above,  yellow  becoming  purplish; 
pales  7-8  mm.  long,  glandular-puberulent;  achenes  dark-mottled, 
appressed-pubescent,  awnless,  5  nun.  long,  3  mm.  wide. 

Encelia  tenuis  Fernald,  Proc.  Am.  Acad,  xxxiii.  94  (1897). 
Specimens  examined:  Guerrero;  rather  scarce  on  edge  of  a  corn- 
field, Nov.  1894,  Palmer  96  (FGN,  type  collection). 

•  •  Petioles  sometimes  auriculate,  not  connate  at  base  into  disks;  anmuals  or 

perennials. 

■*-  Rays  yellow. 

•»-»•  Involucral  scales  distinctly  miequal,   the  outer  ovate,  3-4-8eriate. 

=  Achenes  glabrous  and  awnless. 

X  Petioles  not  auriculate. 

4.  S.  EXARisTATA  Gray.  Annual,  erect,  much  branched  above, 
the  stem  and  branches  striate,  covered  with  a  fine  glandular  pubescence 
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intermixed  with  long  hairs;  leaves  mostly  opposite,  ovate,  acute, 
euneate-truncate  to  cordate  at  base,  subentire,  crenate,  or  sometimes 
rather  sharply  toothed,  tuberculate-strigillose  with  some  longer  hairs 
intermixed,  the  blade  5-11  cm.  long,  2.5-8.5  cm.  wide,  on  nearly 
naked  petioles  1-7  cm.  long,  glandular-puberulent  and  fringed  with 
long  white  hairs;  heads  numerous,  paniculate,  the  bracts  linear-lanceo- 
late or  broader;  disk  1-1.3  cm.  high,  about  as  broad;  involucre 
nearly  or  quite  equaling  the  disk,  about  3-seried,  the  inner  scales  lance- 
acuminate,  the  outer  ovate  or  ovate-oblong  and  half  their  length,  all 
striate,  glandular  on  the  back,  ciliate  particularly  toward  the  tip, 
purple-tipped,  the  inner  mostly  purple;  rays  about  8,  oval-oblong, 
under  8  mm.  long,  subentire,  yellow,  apparently  sometimes  wanting; 
disk-corollas  7  mm.  long,  glandular-puberulent  particularly  on  tube 
and  teeth,  yellow  turning  purplish  with  age;  pales  9-10  mm.  long, 
narrow,  glandular-puberulent  and  ciliate  on  the  back  and  tip;  achene 
blackish,  glabrous  and  awnless,  nearly  truncate  at  apex,  4.5  mm.  long, 
2.3-2.8  mm.  broad. 

Simda  exaristaia  Gray,  PL  Wright,  ii.  87  (1853). 

Encelia  exaristaia  Gray  in  Hemsl.  Biol.  Centr.-Am.  Bot.  ii.  183 
(1881). 

Specimens  examined:  Texas:  valleys  in  the  mountains  east  of  El 
Paso,  1849,  Wright  331  (GN);  Arizona:  Mexican  Boundary  Line, 
south  of  Bisbee,  14  Sept.  1892,  Meama  873  (N);  southern  part,  1881, 
Lemmon  575  (G);  New  Mexico:  southern  part,  Mex,  Bound.  Surv, 
UTider  Emory,  561  (N).  Sonora:  valley  of  a  tributary  of  the  San 
Pedro,  Sept.  1851,  Wright  1224  (GN,  type  collection);  sandy 
places,  Sept.  1851,  Thurber  ^bZ  (G);  Chihuahua:  valley  near  Chi- 
huahua, 19  Sept.  1885,  Pringle  321  (FGN);  Vera  Cruz:  Orizaba, 
Botteri  804  (G). 

5.  S.  submoUicoma  Blake,  n.  sp.,  herbacea  caule  ramisque  striatis 
puberulo-pilosis  ad  nodos  canescentibus;  foliis  fere  omnibus  oppositis 
ovato-deltoideis  cordatis  sinu  lato  breveque  vel  superioribus  truncatis 
crenato-dentatis  pauUulo  hastato-lobatis  acutis  infra  dense  submol- 
Uterque  pubescent ibus  pilis  brevibus  patentibus  in  venis  longioribus 
supra  subcanescentibus  pube  subsimile  autem  appressa  asperaque 
4-6  cm.  longis  3-5.5  cm.  latis,  petiolis  immarginatis  puberulo-pilosis 
1-3  cm.  longis;  capituKs  subcorymbosis  ramos  terminantibus  juven- 
tate  ut  gemmis  dense  pilosis  maturitate  10-14  mm.  alto  9-11  mm. 
diametro;  involucro  1  cm.  altitudine  squamis  acutis  purpurascentibus 
triseriatis  puberulis  subdense  pilosisque  interioribus  oblongis  exteriori- 
bus  ovatis  duplo   brevioribus:    radiis  (an  semper)  0;    corollis   disci 
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6.5  mm.  longis  (tubulo  2  mm.)  infra  glanduloso-pubenilis  supra 
glanduloso-pilosis  flavis  denique  obscurantibus;  paleis  latis  9  mm. 
longis  appresse  pubescentibus  dorso  et  apice  ciliatis;  acheniis  atris 
truncatis  glabris  calvis  4.5  mm.  longis  2.8  mm.  latis. 

Specimens  examined:  Tamaulipas:  weed  in  waste  places,  growing 
in  clusters,  vicinity  of  Tampico,  alt.  15  m.,  10  Mar.- 19  Apr.  1910, 
Palmer  250  (type  in  Gray  Herb.). 

X    X  Petioles  auriculate. 

6.  S.  eurylepifl  Blake,  n.  sp.,  herbacea  foliis  inferioribus  et  basi 
invisis;  caule  striato  sparse  puberulo  et  pilis  longis  mollibus  nonnullis; 
foliis  remotis  maxima  ex  parte  altemis  ovatis  acutis  basi  subtruncatis 
subintegris  vel  infra  dentatis  utrimque  pubescentibus  pilis  brevibus 
patentibus  basi  tuberculatis  venas  secundum  subhispidis,  petiolo  vix 
marginato  pubenilo-glanduloso  ad  basin  latas  in  auriculas  integras 
ampliato;  capitulis  plerumque  glomeratis  in  pedunculis  longis  nudis 
terminalibus,  eradiatis  1.2-1.4  cm.  altitudine  1-1.5  cm.  diametro; 
involucro  discum  subaequante  3-4-seriato  squamis  sensim  gradatis 
interioribus  oblongis  7-9.5  mm.  longis  2-2.5  mm.  latis  extimis  ovalibus 
4.5  mm.  longis  2.5  mm.  latis  acutis  striatis  puberulo-glandulosis  et 
subpilosis  supra  purpureo-brunneis;  corollis  disci  flavis  denique 
purpurascentibus  8  mm.  longis  (tubulo  2.2  mm.)  infra  et  in  dentibus 
puberulis;  paleis  8.5  mm.  longis  apice  pilosis  a  latere  subdentatis; 
acheniis  nigricantibus  emarginatis  calvis  glabris  5.5  mm.  longis  3.4  mm. 
latis. 

Specimens  examined:  San  Luis  Potosi:  district  Cuidad  del  Maiz 
near  Gallinas,  Feb.  1888,  C,  &  E.  Seler  684  (type  in  Gray  Herb.). 

=    =  Achenes  pubescent  and  biaristate. 
X  Tips  of  pales  and  inner  scales  purple ;  leaves  not  tomentose  beneath ;  Mexican . 

7.  S.  LAGASCAEFORMis  DC.  Aimual,  erect  or  rarely  somewhat 
spreading,  usually  much  branched;  stems  and  branches  striate,  glandu- 
lar-pubescent and  pilose  particularly  near  the  nodes;  leaves  opposite 
below,  alternate  in  the  inflorescence,  broadly  deltoid-ovate,  unlobed  or 
rarely  hastately  3-lobed,  the  margin  crenate  or  subentire,  acute,  the 
base  truncate  or  cordate  with  broad  sinus,  beneath  granular-puberulent, 
pilose  along  the  veins,  or  when  young  almost  tomentose,  above  strigil- 
lose,  the  hairs  tuberculate-based,  intermixed  with  longer  looser  ones, 
the  blades  3-12  cm.  long,  2-13.5  cm.  wide,  on  purphsh  naked  glandular- 
pubenilent  pilose-fringed  petioles  1.5-5  cm.  long;  heads  numerous, 
cymose-panicled,  the  branches  somewhat  pilose  and  stipitate-glandu- 
lar;  heads  cylindric  becoming  hemispheric,  10-12  mm.  high,  5-8  mm. 
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wide;  involucre  nearly  equaling  the  disk,  its  scales  3-ranked,  striate, 
purple-tipped,  glandular-puberulent,  ciliate,  the  outer  ovate,  the  inner 
oblong-lanceolate,  all  acute;  rays  5-8,  small,  oval  to  oval-oblong,  5 
mm.  long,  yellow;  disk-coroUas  5.5-6  mm.  long,  glandular-puberulent, 
yellow  becoming  purplish;  pales  truncate  or  retuse  and  mucronate, 
ciliate  on  back  and  tip,  glandular,  purplish  above,  striate,  6-8  mm. 
long;  achene  appressed-pubescent,  mottled  with  brownish-gray  and 
black,  bearing  2  slender  upwardly  pubescent  fimbriate-based  awns, 
5  mm.  long,  2.5  mm.  wide. —  A  photograph  of  the  t>'pe  of  Simsia 
lagascaeformis,  kindly  sent  me  by  M.  C.  de  CandoUe,  who  also  writes 
that  the  achenes  are  hairy  and  biaristate  (not  glabrous  as  originally 
described),  proves  that  this  long-misunderstood  species  is  identical 
with  E,  pilosa  Greenm.,  which  in  all  technical  characters  is  the  same 
as  E.  purpurea  Rose.  The  latter  species,  known  only  from  two  plants 
collected  by  Palmer  in  1891,  and  represented  by  sections  in  the  Gray 
and  National  herbaria,  seems  to  be  merely  a  peculiarly  branched  and 
perhaps  somewhat  teratological  condition,  with  very  numerous  capi- 
tula  and  somewhat  flattened  branches. 

Simsia  lagascaeformis  DC.  Prod.  v.  577  (1836). 

Encelia  (Simsia)  purpurea  Rose,  Contr.  U.  S.  Nat.  Herb.  i.  336 
(1895). 

Encelia  pilosa  Greenm.  Proc.  Am.  Acad,  xxxix.  Ill  (1903). 

Specimens  examined:  San  Luis  Potosi:  alt.  1830-2440  m.,  1878, 
Parry  &  Palmier  472  part  (G);  Colima:  in  a  creek  bottom,  Colima, 
9  Jan.-6  Feb.  1891,  Palmer  1105  (GN,  type  collection  of  £.  purpurea); 
Puebla:  maize  fields,  Rio  de  San  Francisco,  Aug.  1909,  Purpus  3826 
(FGN);  Tehuacan,  7  Nov.  1903,  Holway  5340  (G);  Oaxaca:  Las 
Sedas,  alt.  1830  m.,  Sept.  1894,  C.  L  Smith  277  (N);  between  Coixtla- 
huaca  and  Tamazulapam,  alt.  2000-2500  m.,  12  Nov.  1894,  Nelson 
1937  (GN);  vaUey  of  Etla,  alt.  1700  m.,  23  Oct.  1895,  L.  C.  Smith 854 
(G);  Ocotlan,  Dec.  1901,  Conzatti  &  Gonzdlez  1263  (G);  without 
definite  locality,  alt.  1750  m.,  July-Aug.  1900,  Conzatti  &  Gonzdlez 
1002  (G);  25  Oct.  1899,  Holway  3740  (G);  17  Oct.,  1899,  Holway 
3747  (G). 

X  X  Pales  and  scales  not  purple-tipped,  or  ebe  leaves  densely  canescent-tomen- 

tose  beneath;  plants  of  Yucatan,  Coliunbia,  and  Ecuador. 

o   Leaves  canescent-tomentose  beneath;  scales  pilose. 

8.  S.  Sodiroi  (Hieron.)  Blake,  n.  comb.  Said  to  be  suffrutescent 
and  2  m.  high;  stem  and  branches  striate,  short-pubescent  and  some- 
what glandular;  leaves  all  but  the  uppermost  opposite,  ovate-lanceo- 
late, acute,  truncate  or  subcordate  at  base,  roughish  with  appressed 
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hairs  above,  canescent-tomentose  beneath,  crenate-serrate,  4-7.5  cm. 
long,  3-6  cm.  wide,  on  pubenilent-pilose  wingless  earless  petioles 
1-1.5  cm.  long;  heads  rather  closely  corymbed  at  tips  of  branches, 
the  short  peduncles  densely  pubescent;  heads  1.2  cm.  high;  invo- 
lucre triseriate,  the  outer  scales  ovate,  densely  pilose,  half  the  length 
of  the  oblong  less  pilose  inner  ones,  all  acute  and  striate;  rays  few, 
yellow,  oblong,  8  mm.  long;^'  disk-corollas  7  mm.  long,  pilose  on  tube 
and  teeth,  yellowish  becoming  darker;  pales  9  mm.  long,  laterally 
somewhat  toothed,  pilose  on  back  and  tip;  achenes  4.3  mm.  long, 
1.9  mm.  wide,  blackish,  more  or  less  appressed-pubescent  on  sides 
and  tip,  bearing  2  slender  slightly  ciliate  awns. 

Encelia  mexicana  Klatt,  Engl.  Bot.  Jahrb.  viii.  43  (1887),  not  Mart. 

Encelia  fruticidosa  Hieron.  1.  c.  xix.  54  (1894),  not  Hopkirkia  fruti- 
culosa  Spreng.  Sys.  iii.  444  (1826),  fide  Hieron.  Engl.  Bot.  Jahrb. 
xxix.  43  (1900). 

Encelia  Sodiroi  Hieron.  Engl.  Bot.  Jahrb.  xxix.  43  (1900). 

Specimen  examined:  Columbia:  open  savannas  of  the  Rio  Dagua, 
Cauca,  alt.  800  m.,  15  July  1883,  Lehmann  2964  (G).  Reported  also 
by  Hieronymus  from  Ecuador,  along  the  Guallabamba  R.  (type 
locality). 

9.  S.  PUBESCENS  Triana.  "SufFrutex  erectus;  ramis  gracilibus, 
multi-angulatis,  minute  puberulo-hirtis;  foUis  inferioribus  oppositis, 
superiorihus  alternis  ovato-lanceolatis  acutis  dentato-serratis,  supra 
pubescentibus,  subtus  dense  pubescenti-canescentibus,  deorsum  sub- 
abrupte  in  petiolum  longum  attenuatis,  petiolo  basi  auriculato-am- 
plexicauli;  involucri  squamis  striatis,  dorso  tenuiter  pubescentibus, 
exterioribus  ovatis,  interioribus  oblongo-lanceolatis,  utrisque  acutis; 
capitulis  pedunculatis,  laxe  corymbosis;  acheniis  atris,  alatis,  oblongis, 
undique  decumbenti-pilosis. 

"Crescit  altitudine  1400  metr.  inter  Tena  et  El  Colegio,  in  devexis 
occidentaUbus  Andium  Bogotensium." 

Simsia  pvbescens  Triana,  Ann.  Sci.  Nat.  Bot.  s^r.  4.  ix.  40  (1858). 

This  species,  not  since  recognized,  appears  to  differ  from  S.  Sodiroi 
only  in  its  auriculate-amplexicaul  petioles  and  perhaps  in  the  less 
pubescent  scales  of  the  involucre,  and  may  be  identical  with  that 
species,  but  in  the  absence  of  specimens  it  seems  unwise  to  combine 
them. 

39  Described  by  Hieronymus  as  stylose,  but  neutral  in  the  Lehmann  plant 
which  he  refers  to  E.  Sodiroi. 
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o   o  Leaves  merely  puberulent  beneath  except  along  the  veins;  scales  gland- 
ular-hispid. 

10.  S.  Chaseae  (Millsp.)  Blake,  n.  comb.  Herbaceous,  the  base 
unknown;  stem  and  branches  striate,  glandular-hispid  particularly 
in  the  inflorescence;  only  the  lower  leaves  opposite,  thin,  ovate-deltoid, 
acute,  broadly  wedge-shaped  at  base,  crenate-dentate  with  blunt 
teeth,  above  granular-scabrous,  beneath  rather  softly  puberulent  and 
somewhat  pilose  along  the  veins,  5-6  cm.  long,  3-5.5  cm.  wide,  nar- 
rowed into  margined  glandular-setose  petioles  1.5  cm.  or  less  long,  the 
upper  sessile  and  oblong-lanceolate;  heads  corymbose-paniculate, 
1-1.2  cm.  high;  scales  somewhat  triseriate,  the  outer  ovate-lanceolate, 
glandular-hispid,  shorter  than  the  lance-oblong  inner  ones  which  are 
glandular  on  back  and  ciliate  toward  tip;  rays  sometimes  wanting, 
when  present  8-10,  yellow,  elliptic,  4-7  nmi.  long;  disk-corollas  5.5 
mm.  long,  pubescent,  yellow;  pales  8-9  nmi.  long,  broad,  the  margin 
denticulate,  green-ribbed,  hispidulous  on  the  keel;  achenes  6-7  mm. 
long,  3.5-4  nmi.  broad,  appressed-pubescent  and  short-ciliate,  bearing 
two  upwardly  cihate  awns  about  half  their  length. 

Encelia  Chaseae  Millsp.  in  Millsp.  &  Chase,  Field  Col.  Mus.  Pub. 
Bot.  iii.  125,  pi.  (1904). 

Specimens  examined:  Yucatan:  ruins  of  Kobah,  26  Nov.  1865, 
SchoU  911  (type  no.  176020,  Field  Mus.);  "herb,  5  feet  high,  common 
at  Izamal,  Oct.,"  Gaumer  910  (FG);  Chichankanab,  Gaumer  2045 
(F);  San  Anselmo,  Gaunter  2046  (F). 

•M.  4H.  Involucral  scales  subequal,  or  the  outer  if  shorter  linear-lanceolate  to 

lance-oblong. 

=  Leaves  ovate  or  ovate-deltoid,  unlobed  except  in  S.  foetida^  the  lobes  when 

present  broad. 

X  Leaves  not  silky-pubescent  beneath. 

o  Involucral  scales  herbaceous  throughout,  scarcely  striate;  the  usually  lobed 
leaves  generally  broadly  auriculate-clasping  at  base  of  petiole;  achenes 
small,  4-4.5  mm.  long. 

11.  S.  foetida  (Cav.)  Blake,  n.  comb.  Annual,  erect,  often  much 
branched,  the  stem  usually  purplish,  glandular-puberulent  and  hispid 
with  tuberculate-based  hairs;  lower  leaves  opposite,  the  upper  often 
alternate,  ovate  or  deltoid,  often  3-lobed,  particularly  the  upper, 
crenate-dentate,  acute  at  apex,  broadly  cuneate  or  cordate  at  base, 
hispid  with  tuberculate-based  hairs  longer  along  the  veins,  the  blade 
5-14  cm.  long,  3-12  cm.  wide,  the  petioles  usually  margined,  often 
broadly  so,  and  generally  auriculate-clasping  at  base;  heads  numerous, 
panicled,  the  peduncles  glandular-hispid;  heads  1  cm.  high,  radiate; 
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involucre  equaling  disk,  the  scales  subequal,  about  2-rowed,  lance- 
acuroinate,  glandular-hispid,  herbaceous  nearly  throughout,  slightly 
or  not  at  all  striate,  the  inner  sometimes  purplish;  rays  about  10, 
yellow,  oval,  pubescent  on  tube,  faintly  bidentate,  10  mm.  long;  disk- 
corollas  6  mm.  long  (tube  less  than  1  mm.),  puberulent,  yellow  turn- 
ing purple;  pales  9  mm.  long,  purplish  and  glandular  above;  achenes 
black  or  mottled,  appressed-pubescent,  4-4.5  mm.  long,  2-2.4  mm. 
wide,  the  2  upwardly  pubescent  awns  fimbriate  at  base. —  Very  vari- 
able in  leaf-form,  even  on  the  same  plant,  but  not  satisfactorily  divisi- 
ble even  into  formae. 

Coreopsis  foetida  Cav.  Icon.  i.  55.  t.  77  (1791). 

Ximenesia  foetida  Spreng.  Sys.  iii.  606  (1826). 

Encelia  foetida  Hemsl.  Biol.  Centr.-Am.  Bot.  ii.  183  (1881). 

Simsia  ficifolia  Pers.  Syn.  ii.  478  (1807). 

Coreopsis  amplexicaiUis  Cav.  Descrip.  226  (1802). 

Simsia  amplexicavlis  Pers.  1.  c.  (1807). 

Encelia  amplexicavlis  Hemsl.  1.  c.  (1881). 

Ximenesia  cordata  HBK.  Nov.  Gen.  iv.  228  (1820). 

Sinma  cordaia  Cass.  Diet.  lix.  137  (1829). 

Encelia  cordaia  Hemsl.  I.  c.  (1881). 

Ximenesia  heterophylla  HBK.  1.  c.  227.  t.  380  (1820). 

Sivma  heterophylla  DC.  Prod.  v.  577  (1836),  not  Pers.  I.  c. 

Sivfisia  Kunthiana  Cass.  1.  c.  (1829). 

Encelia  heterophylla  Hemsl.  1.  c.  184  (1881). 

Simsia  auriculata  DC.  I.  c.  v.  577  (1836). 

Encelia  mexicana  Mart,  in  DC.  1.  c.  578  (1836),  as  syn.;  Gray,  Proc. 
Am.  Acad.  xix.  8  (1883). 

Ximenesia  hirta  Mart.  1.  c.  578  (1836),  as  syn. 

Helianihus  amplexicaulis  DC.  1.  c.  589  (1836). 

Simsia  Schaffmri  Sch.  Bip.  in  Gray,  Proc.  Am.  Acad.  xix.  8  (1883). 

Specimens  examined:  Chihuahua:  southwestern  part,  1885, 
Palmer  440  part  (N);  Coahuila:  Saltillo,  Sept.  1898,  Palmer  422 
(FG);  Parras,  16  May  1847,  Gregg  (G);  Parras,  Oct.  1898,  Palmer 
427  (FGN);  without  definite  locality,  1880,  Palmer  493  (GN);  Du- 
RANGo:  Durango,  Sept.  1896,  Palmer  657  (FGN);  San  Luis  Potosi: 
Villa  de  Guadalupe,  Sept.  1855,  Schaffner  19  (G);  sandy  places  near 
San  Luis  Potosi,  Aug.  1876,  Schaffner  265  (G);  woods  about  San 
Luis  Potosi,  1876,  Schaffner  389b  (G)*°;  sandy  cultivated  grounds, 
1880,  Schaffner  389a  (G)*0;  alt.  1830-3050  m.,  1878,  Parry  &  Palmer 

40"*Lamyrote'  incolarum." 
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471  (GFN);  alt.  1830-2440  m.,  1878,  Parry  &  Palmer  472  part  (G); 
fields,  Cardenas,  3  Nov.  1891,  Pringle  5090  (G);  Jalisco:  Bolanos, 
Sept.  1897,  Rose  2875  (G);  Guadalajara,  Oct.  1886,  Palmer  622  (GN); 
fields  near  Guadalajara,  1  Nov.  1893,  Pringle  4622  (FGN);  Guana- 
juato: Leon,  Mendez  (G,  fragments  of  type  of  Helianthus  amplexi^ 
caulis  DC);  1895,  Duges  455  (G)*^  Queretaro:  alt.  1800  m.,  12 
Dec.  1898,  Deam  (F);  Hidalgo:  fields  near  Dublan,  2074  m.,  19 
Sept.  1902,  Pringle  9897  (FGN);  fields,  Pachuca,  Sept.  1905,  Purpus 
1542  (FGN);  Vera  Cruz:  La  Luguna,  22  Jan.  1906,  Greenman  33 
(F);  Orizaba,  Botteri  805,  808  (G);  on  a  volcanic  mountain,  near 
Tantoyca,  1858,  X.  C  Ervendberg  378  (G);  near  Orizaba,  Botteri  & 
Sumichrasi  122  (G);  Michoacan:  Patzcuaro,  29  Oct.  1895,  C.  &  E. 
Seler  1185  (G);  Mexico:  fields,  Salto  de  Aqua,  Oct.  1905,  Purpus 
1541  (FGN);  Ixtaccihautl,  Jan.  1903,  Pwr^w/^  (N) ;  near  Mexico  City, 
Berlandier  927  (G,  type  collection  of  S.  auriculata  DC.) ;  Valley  of 
Mexico,  1848-9,  Schmitz  (G);  fields.  Valley  of  Mexico,  Sept.-Oct. 
1865-6,  Baurgeau  850  (GN);  Valley  of  Mexico,  Aug.  1856,  Schaffner 
162  (G,  type  of  S.  Schaffneri  Sch.  Bip.);  near  San  Angel,  Schaffner 
(G);  Tacubaya,  20  June  1865-6,  Bourgeau  155  (G);  plaza,  Chalchi- 
comula,  27  July  1901,  Rose  &  Hay  5808  part  (G);  Puebla:  Mt. 
Orizaba,  alt.  2440  m.,  14  Aug.  1891,  Seaion  329  (FGN);  Cholula, 
1  Jan.  1899,  Deam  73  (FG);  without  definite  locality,  alt.  2000  m., 
Nov.  1895,  Conzatti  131  (G);  Oaxaca:  near  Puebla,  alt.  2135  m., 
8  Nov.  1895,  i.  C.  Smith  909  (G);  CmAPAS:  plains,  1864-70, 
Ghiesbreght  540  (G).  Mexico,  without  locality,  Hartweg  145  (G); 
Coulter  359  (G);  "Mexico  Conunu,"  21  Sept.  1865-6,  Bourgeau  959 
(G);  1905,  Lemmon  (G).  Guatemala:  Dept.  Quiche,  alt.  1372-3660 
m.,  Apr.  1892,  Heyde  &  Lux  3396  (FG);  Laguna  Amatitlan,  Dept. 
Amatitlan,  alt.  1250  m.,  Feb.  1890,  Ueyde  &  Lux  2408  (F). 

11/3.  S.  foetida  (Cav.)  Blake  var.  decipiens  Blake,  n.  var., 
pappo  nuUo,  achenio  glabro.  As  the  typical  form,  but  achene  gla- 
brous and  pappusless;  leaves  mostly  entire,  but  at  least  the  upper 
auriculate-petioled. —  It  is  barely  possible  that  the  specimen  is  a 
hybrid  with  S.  exaristata,  with  which  species  it  was  identified  by  Dr. 
Gray;  but  the  heads  and  leaf-bases  are  quite  those  of  S.  foetida. 

Specimen  examined:  Chihuahua:  southwestern  part,  Aug.-Nov. 
1885,  Palmer  440  part  (type  in  Gray  Herb.). 

41 "  Vulg.  Mirasol  amarillo  ou  Lampotillo"  (i.  e.  yellow  tumsol  or  little  fire). 
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o   o   Scales  somewhat  corky  basally,  generally  strongly  striate;    leaves  very 
rarely  lobed;  achenes  usually  larger,  5-7  mm.  long  (except  in  nos.  12  and  17). 
4-  Whole  plant  densely  covered  with  stalked  glands;  petioles  never  auriculate; 
achene  5.3  nmi.  long  or  less. 

12.  S.  adenophora  (Greenm.)  Blake,  n.  comb.  Erect  annual, 
branched  above,  1-2.5  m.  high,  setose  and  yellowish  with  dense  stalked 
glands;  lower  leaves  opposite,  deltoid-ovate,  rarely  3-lobed,  acute, 
truncate  or  shallowly  cordate  at  base,  crenate-dentate,  6.5-12  cm.  long, 
5-13  cm.  wide,  setose  and  glandular  both  sides,  on  marginless  densely 
glandular  petioles  1-8  cm.  long,  never  auriculate,  the  upper  lance- 
acuminate,  gradually  reduced  to  linear-lanceolate  bracts;  heads 
panicled,  rather  numerous,  10-17  mm.  high;  involucre  slightly  ex- 
ceeding disk,  3-rowed,  the  scales  densely  glandular-hispid,  subequal, 
lanceolate,  striate  and  somewhat  corky-ribbed  at  base,  the  narrow 
herbaceous  tips  loosely  spreading;  rays  when  present  yellow,  about 
12,  7-8  nmi.  long,  3.5  mm.  wide;  disk-coroUas  pubescent,  6  mm.  long, 
yellow  turning  purplish  above,  the  tube  only  0.6  mm.  long;  pales  9  nun. 
long,  laterally  dentate,  appressed-pubescent  above;  achenes  blackish, 
5-5.3  nmi.  long,  2.9  mm.  wide,  appressed-pubescent  and  slightly 
ciliate,  with  2  finely  and  upwardly  pubescent  awns  3-4  mm.  long. 

Encelia  adenophora  Greenm.  Proc.  Am.  Acad,  xxxix.  109  (1903). 

Specimens  examined:  Jalisco:  fields  and  copses.  Tequila,  Sept.- 
Oct.  1893,  Pringle  ^002  (FGN,  type  collection);  Etzatlan,  2  Oct. 
1903,  Uolway  5092  (G);  Morelos:  limestone  hills  near  Yautepec,  alt. 
1372  m.,  21  Oct.  1902,  Pringle  9898  (FGN);  Guerrero:  bet«\een 
Tlapa  and  Tlaliscatilla,  alt.  1190-1372  m.,  5  Dec.  1894,  A>feon2045 
(GN);  Oaxaca:  Monte  Alban,  near  Oaxaca  City,  alt.  1677-1830  m., 
8  Oct.  1894,  C.  L.  Smith  236  (N) ;  hills  of  Soledad  de  Etla,  alt.  1830  m., 
19  Nov.  1895,  L.  C.  Smith  894  (G);  Hacienda  Guadalupe,  alt.  1600  m., 
7  Oct.  1906,  Conzatti  1529  (F);  without  definite  locality,  10  Nov.  1903, 
Holway  5360  (G). 

4-  -+-  Usually  less  glandular,  the  glands  mostly  sessile;   p)etiole8  sometimes 
auriculate;  achene  usually  6-7  mm.  long. 

—  Lower  leaves  (at  least)  not  with  broadly  margined  clasping  bases;  the  upp)er 
sometimes  cordate-clasping. 

A.  Achenes  6-7.5  mm.  long,  or  if  smaller,  the  bracts  strongly  ribbed. 

B.  Leaves  rather  densely  glandular-niotted  both  sides;  mature  heads  1.5  cm. 

in  diameter;  achene  7  nrni.  long;  Jamaican. 

13.  S.  jamaicensis  Blake,  n.  sp.,  herbacea  erecta  ramosa  1.3-2.5  m. 
alta  foliis  infimis  et  radice  invisis;  caule  ramisque  multistriatis  hirsutis 
dense  glandulosis  praecipue  in  inflorescentia  ubi  glandulae  pedatae 
sunt;  foliis  inferioribus  late  ovatis  crenato-dentatis  acutis  basi  cunea to- 
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truncatis  8-15  cm.  longis  5.5-15  cm.  latis  utrobique  pilis  basi  glandulo- 
sis  tectis  venas  paginae  inferioris  secundum  et  supra  ubique  hirsutis, 
glandulis  inferiore  in  superficie  conspicuoribus  quam  eis  specierum 
affinium,  petiolis  immarginatis  2-4.5  cm.  longis  infra  glandulari-hir- 
sutis  supra  complanatis  pilosis  saepe  basi  subauriculatis;  foliis  summis 
sensim  lanceolatas  ad  bracteas  sessiles  reductis;  capitulis  non  paucis 
cymoso-paniculatis  pedunculis  2-6  cm.  longis  dense  glandulosis  et 
patenti-hirsutis;  disco  15-17  nmi.  alto  maturitate  1.5  cm.  aetate 
18-24  mm.  diametro;  involucri  biseriati  squamis  subaequalibus  vel 
interioribus  paullo  longioribus  oblongo-lanceolatis  subobtusis  striatis 
glandulosis  et  strigoso-hirsutis;  radiis  vel  nullis  vel  ca.  10  ovalibus 
parvis  flavis;  corollis  disci  6.5  mm.  longis  (tubulo  2  mm.)  flavis  pube- 
rulo-glandulosis;  paleis  9-12  mm.  longis  ad  apicem  glandulosis  viridi- 
carinatis  cuspidatis;  acheniis  6-7.5  mm.  longis  2.4-3.5  mm.  latis 
nigricanti-maculosis  appresse  aliquid  pubescentibus  aristis  2  subaequa- 
libus 4-4.5  mm.  longis. 

Specimens  examined:  Jamaica:  vicinity  of  Kingston,  alt.  152  m., 
29  Jan.-4  Feb.  1900,  Clute  2  (cotypes  in  Gray  Herb,  and  Field  Mus. 
no.  83001 :  distributed  as  "  Verbesina  gigantea  Jacq.  ?  ") ;  Kings  House 
Grounds,  alt.  183  m.,  17  Nov.  1897,  Harris  6953  (F);  Hope  Grounds, 
alt.  198  m.,  4  Dec.  1901,  Harris  8228  (F);  Hope  Road,  13  Jan.  1898, 
Harris  6989  (F);  Long  Mountain  Road,  alt.  91  m.,  19  Nov.  1907, 
Harris  10001  (FN). 

B  B.  Leaves  grayish  with  short  tuberculate-based  hairs  especially  beneath; 
mature  heads  1.5-2  cm.  broad;   achene  7  mm.  long;   South  American. 

14.  S.  hirsuta  (Ktze.)  Blake,  n.  comb.  Erect  branched  annual 
1-1.5  mm.  high,  the  stem  and  branches  substriate,  glandular-puberu- 
lent  and  setose;  lower  leaves  ovate,  acute,  subcordate  or  cuneate- 
truncate  at  base,  repand-dentate  to  subentire,  setose  along  the  veins, 
roughish  both  sides  with  short  white  hairs  with  swollen  bases,  some 
gland-like  particularly  on  the  upper  surface,  8  cm.  long,  5  cm.  wide, 
on  puberulent-setose  marginless  petioles  1  cm.  long,  the  uppermost 
sessile  and  lance-oblong;  heads  rather  few,  cymose-paniculate,  on 
glandular-puberulent  and  setose  peduncles  2.5-14  cm.  long;  heads 
chiefly  discoid;  involucre  10-13  mm.  high,  equaling  the  disk,  its  scales 
subequal,  2-rowed,  lanceolate-subulate,  striate,  glandular-pubescent 
and  hispid;  disk-coroUas  5  mm.  long  (tube  0.6  mm.),  glandular-puber- 
ulent, yellow;  pales  1  cm.  long,  glandular-puberulent  above;  achene 
mottled,  appressed-pubescent  all  over,  oblong,  obcordate,  6.5-7  mm. 
long,  2.7-3.6  mm.  wide,  the  upwardly  pubescent  awns  2.5  mm.  long. 

Encelia  hirsuta  Ktze.  Rev.  Gen.  iii.  pt.  2. 145  (1898). 
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Encelia  hirstUa  Ktze.  f .  radiata  Ktze.  1.  c. 

Specimens  examined:  Argentina:  Dique  near  Cordoba,  Dec. 
1891,  Kuntze  (N,  cotypes  of  E,  hirsuta  Ktze.).  Also  reported  by 
Kuntze  from  Sierra  de  Cordoba,  Argentina,  Lorentz;  Peru  (f.  radiata, 
leg.  Dombey) ;  and  Cartagena,  Columbia,  BiUberg, 

15.  S.  DoMBEYANA  DC.  **  Caulc  terete  sparse  hispido  et  inter 
setas  minute  pubenilo-glanduloso,  foliis  superioribus  altemis  petiolatis 
late  ovatis  irregulariter  repando-dentatis  hinc  inde  sublobatis  acutis 
utrinque  setb  hispidulis  et  puberulo-glandulosis,  capitulis  paucis 
breviter  pedicellatis,  invol.  squamis  lineari-lanceolatis  acuminatis 
disco  longioribus,  ligulis  paucis  minimis,  achaeniis  obcordatis  biarista- 
tis  margine  ciliolatis. —  in  Amer.  austr.  verisim.  in  Peruvia  legit  Dom- 
bey. Petioli  valde  hispidi,  setis  ut  in  tota  planta  longis  patulis 
moUibus.     (v.  s.  comm.  h  Mus.  reg.  Par.)'* 

Simsia  Dombeyana  DC.  Prod.  v.  578  (1836). 

M.  Casimir  de  Candolle,  to  whom  I  sent  fragments  of  Kuntze's 
cotypes  of  E.  hirsuta  for  comparison  with  the  Prodromus  type  of  S. 
Dombeyana,  states  that  the  latter  is  distinguished  by  its  more  hairy 
achenes  with  awns  nearly  as  long  as  the  paleae,  and  by  the  more  long- 
triangular  leaves  with  the  long  hairs  thinner  and  the  short  ones  nearly 
pulverulent. 

B  B  B.  Leaves  glandular-puberulent;  heads  large,  2-3  cm.  in  diameter,  the 
rays  rather  prominent;  the  scales  broader  and  more  corky-ribbed  than  in 
any  related  species;  achene  5-6  mm.  long;  Central  American. 

16.  S.  grandiflora  Benth.  Erect  annual,  1.6  m.  high,  subsimple 
or  branched  above;  stem  and  branches  setose,  striate,  rather  sparsely 
glandular-puberulent;  lower  leaves  opposite,  broad-ovate,  acute, 
truncate  at  base,  crenate  or  crenate-serrate,  setose  along  the  veins, 
glandular-puberulous  both  sides,  the  glands  more  prominent  on  the 
lower  surface,  7-14.5  cm.  long,  4.5-10  cm.  wide,  on  naked  glandular- 
setose  petioles  1.5-5  cm.  long;  the  upper  decurrent  into  winged 
amplexicaul  bases,  the  uppermost  sessile,  subentire,  lance-ovate; 
heads  few,  axillary  and  terminal,  hemispheric  even  in  anthesis,  the 
disk  1.5-2  cm.  high,  2-3  cm.  wide,  equaled  or  slightly  surpassed  by  the 
involucre;  peduncles  setose  and  glandular,  2-12  cm.  long;  involucre 
triseriate,  the  inner  scales  slightly  longer,  lance-ovate  to  ovate-oblong, 
subacute,  glandular-hispid,  with  about  4  conspicuous  light  thickened 
ribs  in  the  lower  half,  the  central  pair  most  prominent,  the  upper  part 
herbaceous;  rays  oval,  about  20,  yellow,  9  mm.  long,  4.2  mm.  wide, 
rather  prominent,  usually  present;  disk-corollas  5.5-6  mm.  long  (tube 
1.3  mm.),  yellow,  glandular;  pales  9-10  mm.  long,  puberulent  on  keel 
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and  margin  above;  achene  blackish  or  dark-mottled,  ovate-oblong, 
subobcordate,  appressed-pubescent,  5-6  mm.  long,  2.5  mm.  wide, 
bearing  2  awns  4-5.5  mm.  long. 

Simsia  grandiflora  Benth.  Vidensk.  Medd.  Kjobenh.  for  1852.  92 
(1853). 

Encelia  grandiflora  Hemsl.  Biol.  Centr.-Am.  Bot.  ii.  184  (1881). 

Specimens  examined:  Nicaragua:  very  common  on  the  high  pla- 
teaus toward  the  Pueblos,  Niquinohomo,  Dept.  of  Granada,  13  Feb. 
1903,  Baker  2419  (GN);  waste  land  near  Granada,  alt.  40  m.,  Jan. 
1870,  P.  Levy  355  (Bot.  Mus.  Copenhagen);  Costa  Rica  (?):  sunny 
pastures  near  Ojos  de  Agua, —  352  &  382  (G,  ex  herb.  Klatt).  There 
seems  to  be  no  place  of  this  name  in  Costa  Rica,  and  the  town  so  called 
in  Honduras  may  have  been  intended.  Bentham's  type  (Oersted  100) 
came  from  Volcan  el  Viejo,  Nicaragua. 

A  A.    Achene  5  mm.  long;  bracts  not  stroogly  ribbed;  Central  American. 

17.  S.  POLYCEPHALA  Benth.  Base  not  seen;  stem  and  the  numer- 
ous branches  densely  glandular  and  pilose-hispid;  middle  leaves  ovate 
or  ovate-lanceolate,  acuminate,  truncate  or  subcordate  at  base, 
crenate-dentate,  glandular-hispid  both  sides,  4-7  cm.  long,  3.5-5  cm. 
wide,  on  nearly  marginless  densely  glandular-ihispid  petioles  1.5-2.5 
cm.  long,  with  slightly  enlarged  bases;  heads  numerous,  cymose- 
paniculate,  on  glandular-setose  peduncles  1-7  cm.  long;  disk  11-13 
mm.  high,  12-17  mm.  broad;  involucre  nearly  as  tall,  its  scales  tri- 
seriate,  subequal  or  the  outer  a  little  shorter,  glandular-hispid,  oblong- 
lanceolate,  bluntish,  only  slightly  striate-ribbed;  rays  5-7  mm.  long, 
yellow;  disk-corollas  6  mm.  long  (tube  1.5  mm.),  yellow,  glandular 
below,  pubescent  on  the  teeth;  pales  8-10.5  mm.  long,  pubescent 
above,  greenish  toward  the  apex;  achenes  blackish,  appressed-pubes- 
cent chiefly  on  margin  and  middle,  5  mm.  long,  2.6-3.5  nun.  wide,  the 
awns  3.2  mm.  long. 

Simsia  polycephcUa  Benth.  Vidensk.  Medd.  Kjobenh.  for  1852.  93 
(1853). 

Encelia  polycephala  Hemsl.  Biol.  Centr.-Am.  Bot.  ii.  184  (1881). 

Specimens  examined:  Guatemala:  Cerro  Redondo,  Dept.  Santa 
Rosa,  alt.  1372  m.,  Oct.  1894,  Heyde  &  Lux  6160  (FGN);  Chupadero, 
Dept.  Santa  Rosa,  alt.  1600  m.,  Oct.  1892,  Heyde  &  Lux  3810  (FG). 

Even  the  lower  leaves  abruptly  contracted  to  broadly  margined  clasping 

bai 


18.    S.    megacephala    Sch.    Bip.    in    herb.,     herbacea    supra 
ramosa  glandulari-pubescens  et  praecipue  in  inflorescentia  piloso- 
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hirsuta;  foliis  inferioribus  deltoideis  vel  ovato-deltoideis  utrimque 
glandulari-hirsutis  venas  tres  secundum  praecipue,  lamina  7-10  cm. 
longa  lataque  acuta  infra  abrupte  fere  truncate  contracta  in  portionem 
petioliformem  late  marginatam  media  in  parte  1.2-1.7  cm.  basi  1.7- 
3.5  cm.  latam,  superioribus  sensim  ad  bracteas  ovatas  reductis;  capi- 
tulis  non  paucis  axillaribus  et  terminalibus  in  pedunculis  4-14  cm. 
longis;  disco  1.3-1.5  cm.  alto  1.7-2.2  cm.  diametro;  involucro  quam 
eo  paullo  breviore  squamis  2-3-seiiatis  exterioribus  pauUo  brevioribus 
acutis  lanceolatis  glandulari-hirsutis  valde  costatis;  radiis  ca.  20 
flavis  ovalibus  6.5  mm.  longis;  coroUis  disci  flavis  5.5-6  mm.  longis 
(tubulo  1  mm.)  infra  et  in  dentibus  puberulis;  paleis  9  mm.  longis 
supra  hirsutulis;  achenio  nigricante  dense  appresse  pubescente  7.2 
mm.  longo  3.3  mm.  lato  aristis  2  sursum  ciliatis  basi  fimbriatis  4  mm. 
longis. 

Specimens  examined:  Guanajuato:  near  cultivated  gardens,  Cerro 
de  Cuarto,  Sept.  1903,  Dughs  12  (G).  Also  the  following  cultivated 
specimens:  Harvard  Botanic  Garden,  1866,  "e  sem.  Hort.  Par."; 
Botanic  Garden  of  Deidesheim,  Rhine-Palatinate,  25  Nov.  1859, 
Schvltz  Bipontinus  (type  in  Gray  Herb.). 

X    X  Leaves  silky  beneath, 
o  Achenes  glabrous,  awnleas;   branches  puberulent  and  pilose. 

19.  S.  Ghiesbreghtii  (Gray)  Blake,  n.  comb.  Lower  part  of  stem 
unknown;  branches  apparently  few,  opposite,  like  the  stem  purplish, 
glandular-puberulent  and  pilose;  leaves  all  opposite,  ovate-lanceolate, 
acuminate,  truncate  or  subcordate  at  base,  serrate,  canescent  above 
with  a  short  glandular  pubescence,  silky  with  dense  appressed  hairs 
beneath,  4.5  cm.  long,  2-2.5  cm.  wide,  on  densely  pilose  marginless 
petioles  a  centimeter  long;  heads  few  or  solitary  towards  tips  of  branch- 
lets,  the  disk  10-11  mm.  high,  10  mm.  wide,  equaled  by  the  pericliniura, 
this  triseriate,  the  outer  scales  a  little  shorter,  all  subulate-linear,  glan- 
dular-puberulent and  pilose-hirsute;  rays  about  10,  pale  yellow,  pur- 
plish-tinged outside,  oblong,  11  mm.  long,  4.6  mm.  wide;  disk-corollas 
yellow,  puberulent  particularly  on  tube,  6-6.5  mm.  long  (tube  1.2 
mm.) ;  pales  9.5  mm.  long,  pubescent  on  the  subherbaceous  keel  above, 
very  acute;  immature  achene  3.5  mm.  long,  oblong,  glabrous  and 
awnless. 

Encelia  (Barrattia)  Ghiesbreghtii  Gray,  Proc.  Am.  Acad.  viii.  658 
(1873). 

Encelia  Ghiesbreghtiana  Hemsl.  Biol.  Centr.-Am.  Bot.  iv.  57  (1887), 
clerical  error  for  E.  Ghiesbreghtii  Gray. 
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Specimen  examined:  Chiapas:  mountain  forests,  1864-70,  Ghies^ 
breght  568  (type  in  Gray  Herb.). 

o   o  Achenes  appressed-pubescent,  biaristate;  branches  puberulent. 

20.  S.  sericea  (Hemsl.)  Blake,  n.  comb.  Herbaceous?,  erect,  the 
stem  and  nearly  opposite  branches  slender,  terete,  striate,  densely 
glandular-puberulent;  leaves  mostly  opposite,  lance-ovate,  acuminate, 
truncate  or  slightly  rounded  at  base,  remotely  and  obscurely  serrulate, 
densely  glandular-strigillose  above,  softly  silvery-silky  beneath,  4-9 
cm.  long,  1.5-3.5  cm.  broad,  on  densely  glandular  short-pilose 
petioles  about  1  cm.  long;  heads  rather  few,  corymbed  toward  tips 
of  branches,  on  peduncles  2-5.5  cm.  long;  disk  1  cm.  high,  about 
as  broad,  exceeding  the  involucre;  the  latter  triseriate,  the  scales 
graduated,  the  inner  lance-attenuate,  the  outer  ovate-lanceolate, 
glandular-puberulent  and  hispid-ciliate;  rays  "about  7,"  1  cm.  long; 
disk-corollas  6.5  mm.  long,  puberulent,  yellow;  pales  8  mm.  long, 
stiff,  scarious,  acuminate,  glandular-pubescent  on  keel  and  tip,  later- 
ally lacerate-dentate;  achene  3.2  mm.  long,  1  mm.  wide,  densely  ap- 
pressed-pubescent,  the  awns  ampliate  and  lacerate  toward  the  base, 
1.5  mm.  long. 

Encelia  (f  Simma)  sericea  Hemsl.  Biol.  Centr.-Am.  ii.  185  (1881). 

Specimens  examined:  Guatemala:  Antigua,  dept.  Sacatapdquez, 
13  Feb.  1905,  Kellerman  4982  (GN)  (distr.  as  Viguiera  helianthoides 
HBK.).  Hemsley's  type  (Sahin  &  Godman  133,  in  Kew  Herb.)  came 
from  the  Motagua  Valley  in  Guatemala. 

=    =  Leaves  three-lobed,  sessile,  the  upj)er  reduced  to  lance-linear  bracts; 
inflorescence  few-headed,  the  peduncles  very  long. 

21.  S.  triloba  Blake,  n.  sp.,  verisimiliter  herbacea;  caulead  1  m. 
alto  tenui  supra  pauciramoso,  ramis  longissimis  1-3-capitulatis, 
utrisque  purpureis  substriatis  glandulari-pubescentibus  et  praecipue 
in  inflorescentia  sparse  pilosis;  fohis  inferioribus  oppositis  ovatis  1  cm. 
supra  basin  trilobatis,  lobo  medio  2.5-4  cm.  longo  alteris  1  cm.  sive 
minoribus,  omnibus  oblongis  subdentatis  vel  integris,  sessilibus  basi 
subamplexicaule  1  cm.  longo  latitudine  medium  lobum  aequante, 
glandulari-scabris  et  praecipue  supra  hirsutis  pilis  basi  tuberculatis; 
fohis    superioribus    oblongo-lanceolatis    amplexicaulibus    sensim    ad 

•  bracteas  ovatas  vel  lineares  reductis;  capitulis  paucis  longe  peduncu- 
latis  pedunculis  nudis  vel  pluribracteatis;  disco  12-13  mm.  alto  13- 
15  mm.  diametro  quam  involucro  paullo  longiore;  squamis  circa  tri- 
seriatis  striatis  glandulari-pubescentibus  subhirsutis  linear-subulatis 
exterioribus  brevioribus;  radiis  ca.  10  flavis  ovalibus  7.5  mm.  longis 
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latis;  coroUis  disci  6.5-7.5  mm.  (tubulo  1  mm.)  longis  flavis  denique 
apice  purpurascentibus  glandulosis  praecipue  in  tubulo;  acheniis 
maculosis  appresse  pubescentibus  pilis  femigineis  5-6  mm.  longis 
2.8-3  mm.  latis;  aristis  2,  4  mm.  longis. 

Specimens  examined:  Puebla:  rocky  soil,  Cerro  de  Paxtle,  Sept. 
1908,  Pur  pus  3022  (FGN,  cotypes).  Distributed  as  Encelia  heiero- 
phylla  (=  S,foetida)y  from  which  it  differs  in  size  of  achene,  leaf-base, 
and  whole  character. 

•^  -^  Rays  purple. 

22.     S.  SANGUINEA  Gray.     Stems  several,  erect  from  a  woody  root, 

1  m.  high  or  more,  branched  above,  usually  purplish,  glandular-setose; 
lower  leaves  opposite,  variable,  hastately  3-lobed,  with  broadly  mar- 
gined cordate-clasping  petiolar  bases,  crenate-dentate  or  sometimes 
cut-lobed,  scabrous  and  glandular-setose  both  sides,  3-18.5  cm.  long 
including  petiole,  about  as  wide  across  the  lobes,  the  upper  reduced 
to  linear-lanceolate  bracts;  heads  numerous,  panicled,  on  peduncles 
1-11  cm.  long;  disk  1-1.5  cm.  high,  mostly  slightly  surpassing  the 
involucre;  this  3-seried,  the  scales  linear-subulate  to  lanceolate, 
striate,  densely  glandular,  setose,  the  outer  distinctly  shorter;  rays 
about  10,  rich  purple,  oblong-oval,  6-10  mm.  long;  disk-corollas 
5-8  mm.  long,  purple  above,  glandular-pubescent  below,  hairy  on  the 
teeth;  pales  8.5-13  mm.  long,  narrow,  glandular-pubescent  toward  the 
acute  tip;  achenes  blackish,  oval,  barely  obcordate,  4.5-6.5  mm.  long, 
2.5-3.5  mm.  wide,  more  or  less  densely  appressed-pubescent,  bearing 

2  teeth  or  1  short  smooth  awn  or  2  upwardly  pubescent  awns  as  much 
as  3  mm.  long. 

Simsia  sanguinea  Gray,  PI.  Wright,  i.  107  (1852). 

Encelia  sanguinea  Hemsl.  Biol.  Centr.-Am.  Bot.  ii.  185  (1881). 

Simsia  erythranthema  Sch.  Bip.  in  Gray,  Proc.  Am.  Acad.  xix.  9 
(1883),  as  syn. 

Specimens  examined:  Jalisco:  dry  grassy  slopes  of  the  barranca 
near  Guadalajara,  5  Nov.  1888,  Pringle  1738  part  (F:  intermediate 
between  this  and  the  next);  Vera  Cruz:  hillsides,  Chavarillo,  7  Sept. 
1906,  Barnes,  Chamberlain,  &  Land  6  (F);  Mirador,  Consoquitla, 
Aug.  1841,  Liehmann  492  (G);  Mirador,  without  date,  Sartorius  (G); 
Oaxaca:  hills.  Las  Sedas,  alt.  1830  m.,  11  Aug.  1894,  Pringle  5756 
(G);  El  Parian,  Etla,  alt.  1200  m.,  Nov.  1898,  Conzatti  &  Gonzdlez 
899  (G);  Santa  Catarina,  alt.  1000  m.,  26  Dec.  1906,  Ccmzatti  1652 
(F);  La  Carbonera,  alt.  2135  m.,  20  Sept.  1895,  L,  C.  Smith  817  (G); 
Monte  Alban,  alt.  1800  m.,  18  Aug.  1897,  Conzatti  &  Gonzdlez  403  (G); 
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4  mm.  loso-scabris,  subtus  secus  nervos  pilosis,  inter  nervos  sparse 
pubescentibus,  petiolo  basi  auriculato  amplexicauli  longeque  piljs 
longiusculis  villoso;  involucri  squamis  lanceolatis,  acutis,  extus  pilis 
longiusculis  villoso-canescentibus,  squamis  exterioribus  brevioribus; 
capitulis  petiolatis  [sic],  corymbo  laxo  subpaniculato;  acheniis  decum- 
bentipilosulis,  margine  alatis. 

"Crescit  prope  Ortega,  altitudine  1200  metr.  in  prov.  Pasto." 
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PLATE  1. 

A.  Encdiopns  (Gray)  A.  Nels.  Figures  1, 2,  3, 4,  5,  6,  whole  plant,  head, 
disk-floret,  achene,  pale,  and  style-tip  ciE.  nndicatdis  (Gray)  A.  Nels.  Figure 
1  is  from  a  cotype  of  E,  tiUa  A.  Nels. 

B.  Geraea  Torr.  &  Gray.  Figures  1,  2,  3,  4,  5,  6,  whole  plant,  head,  disk- 
flower,  achene,  pale,  and  style-branches  of  O,  caneacena  T.  &  G. 

C.  Encdia  Adans.  Fig.  1,  portion  of  plant  of  E.  calif omica  Nutt.  Figures 
2,  3,  4,  5,  6,  head,  disk-floret,  achene,  pale,  and  style-tip  of  E,farinosa  Gray. 

D.  Simsia  Pers.    Figures  1,  3,  4,  5,  6,  whole  plant,  disk-floret,  achene, 

Sale,  and  style-tip  of  S.  faeUda  (Cav.)  Blake.    Fig.  2,  head  of  <S.  exaristata 
[ray. 
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The  data  for  this  investigation  were  collected  from  litters  of  unborn 
but  nearly  mature  pigs  that  were  available  at  one  of  the  large  slaughter- 
ing estabhshments  in  Cambridge,  Massachusetts.  The  sows  from 
which  these  litters  were  obtained,  came  chiefly  from  the  corn-belt 
of  the  Mississippi  Valley  and  were  in  general  about  two  years  old. 
They  were  of  various  breeds.  Each  set  of  records  was  taken  from  the 
contents  of  a  single  uterus.  On  opening  the  uterus,  the  number  of 
pigs  and  their  relative  position  in  each  horn  was  recorded,  as  well  as 
the  sex  of  each  pig  and  the  number  and  arrangement  of  its  nipples. 
In  all  1000  litters  were  examined,  the  records  of  which  are  given  in  an 
appendix  at  the  end  of  this  paper.  We  are  under  obligations  to  Mr. 
H.  D.  Fish  for  assistance  in  calculating  and  checking  the  results. 

In  dealing  with  the  relation  of  the  size  of  the  litter  to  the  number  of 
nipples,  we  shall  take  up,  first,  the  composition  of  the  litters,  then  the 
number  and  arrangement  of  the  nipples,  and,  finally,  a  comparison 
of  the  numbers  of  young  in  the  litters  with  the  numbers  of  nipples 
in  the  females. 

Composition  of  the  Litters. 

Numbers  of  pigs  in  a  litter.  As  already  stated,  the  total  number  of 
litters  that  we  examined  was  1000,  and  the  number  of  pigs  in  a  litter 
varied  from  1  to  15.  The  maximum  number  of  20  in  a  litter,  as  as- 
sumed by  Aristotle  (1883,  p.  164),  or  any  excess  of  that  number,  as 
noted  by  Gilbert  WTiite  (1870,  p.  222),  was  not  met  with  by  us.  The 
frequency  with  which  litters  of  different  numbers  occurred  is  given 
in  Table  1. 

TABLE  1. 
A  THOUSAND  Litters  classified  according  to  the  Number  op  Pigs  in  each. 


Number  of  pigs  in  a  litter 

1 

2 

3 

4 

5 

6 

7 

8 

Number  of  litters 

15 

50 

74 

134 

137 

189 

164 

116 

Total 

Number  of  pigs  in  a  litter  1    9 

10 

11 

12 

13 

14 

15 

Number  of  litters                i  61 

32 

15 

6 

3 

3 

1 

1000 

Since  the  thousand  Utters  contained  in  all  5970  pigs,  the  mean 
number  of  pigs  per  litter  is  5.97  which  is  very  close  to  the  mode,  6, 
as  shown  in  Table  1.  These  numbers  are  smaller  than  those  given  by 
Surface  (1909),  who  found  litters  of  Poland  China  pigs  to  vary  from 
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1  to  15,  with  a  mean  of  7.435  and  a  mode  of  7,  and  litters  of  Duroc 
Jersey  pigs  to  vary  from  1  to  19,  with  a  mean  of  9.337  and  a  mode 
of  9,  differences  that  may  have  been  due  to  the  fact  that  in  many 
instances  the  litters  in  our  records  were  the  first  litters  produced  by 
unselected  females  and  may  therefore  have  been  smaller  than  those 
of  females  taken  for  breeding  purposes. 

Sexes.  Of  the  5970  pigs,  2946,  or  49+  percent,  were  females  and 
3024,  or  51—  percent,  were  males;  that  is,  for  every  100  females  there 
were  102.6+  males.  This  proportion  agrees  closely  with  that  ob- 
served by  Wentworth  (1912,  p.  548)  according  to  whom  the  males 
exceed  the  females  by  about  2.02  percent.  It  is  somewhat  less  than 
the  number  given  by  Darwin  (1895,  p.  247),  who  stated,  on  the  author- 
ity of  Mr.  Wier,  that  there  are  about  7  males  to  6  females,  that  is, 
the  males  exceed  the  females  by  about  16.7  percent. 

The  distribution  of  the  sexes  in  the  Utters  of  different  sizes  is  given 
in  Table  2. 

TABLE  2. 


Numbers  and  Proportions  op  Male  and  Female  Pioe 

Different  Sizes. 

iN  1000  litters  of 

Numbers  of  pigs  in  litter 

1 

2 

3 

4 

5 

6 

7 

8 

Total  numbers  of  females 

6 

46 

112     264 

354 

556 

538 

449 

Total  numbers  of  males 

9 

54 

110  1  272 

1 

331 

578 

610 

479 

Percentage  frequency  of 
males 

60 

1 
54      so- 

51- 

48 -f 

51- 

54- 
15 

51  + 

Numbers  of  pigs  in  litter 

9 

lo 

11        12    '    13 

14 

Totals 

Total  numbers  of  females 

280 

172 

87       41        15        19        7 

2946 

Total  numbers  of  males 

269 

148 

78       31    1    24       23        8 

1 

3024 

Percentage  frequency  of 
males 

49- 

46 -f 

1           1 
47+    43-f    62-    55-    54- 

51- 

An  inspection  of  Table  2  will  show  that  in  no  class  does  the  percentage 
of  males  rise  above  62  nor  fall  below  43,  but  it  is  close  to  the  general 
average,  51 —  percent,  in  all  the  classes  of  litters  except  the  extremely 
small  one  (1)  and  the  large  ones  (10  to  15).  In  the  former  it  is  some- 
what above  the  general  average;  in  the  latter  it  is  below  in  litters  of 
10  to  12  pigs  and  above  in  litters  of  13  to  15.     These  relations,  however, 
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even  in  the  extreme  cases,  are  so  nearly  uniform  that  we  may  conclude 
i^-ith  reasonable  assurance  that  there  is  no  intimate  relation  between 
sex  and  the  size  of  the  litter. 

The  thousand  litters  that  we  worked  upon,  then,  were  composed  of 
from  1  to  15  pigs  each,  most  frequently  of  6,  and  the  sexes  were  dis- 
tributed almost  indiscriminately  among  them  in  the  ratio  of  about 
1026  males  to  1000  females. 

The  Number  and  Arrangement  of  the  Xipples. 

Introductory,  The  nipples  on  pigs  form  two  series  situated  on  either 
side  of  the  ventral  median  line  and  extending  from  the  pectoral  to  the 
inguinal  regions.  In  some  pigs  the  nipples  in  these  two  series  are  so 
exactly  paired,  right  and  left,  as  to  give  the  appearance  of  extreme 
segmental  regularity.  In  others  they  are  grouped  on  the  two  sides 
\i-ith  so  much  diversity  in  number  and  arrangement  as  to  seem  to  be 
quite  irregular.  These  relations  have  been  discussed  by  Bateson 
(1894,  p.  190)  and  especially  by  Wentworth  (1913),  who  has  developed 
a  somewhat  extended  classification  to  include  the  chief  variations. 
This  aspect  of  the  subject  is  not  essential  to  our  problem  and  we  have, 
therefore,  not  attempted  to  deal  with  it.  In  collecting  our  data,  we 
have  incidentally  recorded  the  arrangement  of  the  nipples  as  either 
regular  or  irregular.  By  a  regular  arrangement  we  mean  one  in  which 
the  nipples  are  grouped  in  pairs  right  and  left  and  we  have  used  this 
term  to  include  cases  were  certain  members  of  assumed  pairs  were 
absent.  By  an  irregular  arrangement  we  mean  one  in  which  the 
members  of  the  right  and  left  series  are  so  disposed  as  to  show  no 
obvious  pairing.  Most  examples  fall  naturally  under  one  or  other  of 
these  heads,  but  the  process  of  classifying  is  at  times  somewhat  arti- 
ficial. These  two  classes  do  not  agree  with  the  two  chief  classes 
established  by  Wentworth  (1913)  on  the  basis  of  what  he  calls  the 
sv-mmetrical  and  the  as\Tnmetrical  patterns.  These  patterns  have 
not  been  clearly  defined,  but  apparently  they  refer  to  the  even  or  odd 
numbers  of  nipples  possessed  by  the  animal  in  the  sense  that  when  one 
side  exhibits  the  same  number  of  nipples  as  the  other,  the  arrangement 
is  called  s\Tnmetrical;  when  othensise,  it  is  designated  as\Tnmetrical. 
The  asymmetrical  pattern  may  be  due  to  a  ** suppressed  nipple"  or  to 
the  presence  of  a  "triangular  pattern"  and  the  latter  may  exhibit 
several  subordinate  variations.  Although  some  such  classification  as 
that  proposed  by  Wentworth  is  necessary  for  a  treatment  of  the 
subject  from  the  standpoint  of  inheritance,  our  own  observations  have 
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shown  US  that  the  variations  in  the  arrangements  of  the  nipples  are  so 
irregular  that  any  classification  of  them  must  be  more  or  less  artificial. 
Even  in  what  we  have  called  the  regular  plan,  we  are  not  disposed  to 
admit  of  so  close  a  comparison  of  organs  as  to  favor  the  institution  of  a 
system  of  homologies  for  nipples  such  as  Wentworth  has  suggested, 
but  we  are  more  inclined  to  the  opinion  advanced  by  Bateson  (1894, 
p.  192)  that  the  milk  series  as  a  whole  is  variously  divided  in  different 
individuals  or  on  the  two  sides  of  the  same  individual,  and  thus  we 
have  attempted  to  avoid  that  unreality  to  which  extreme  forms  of 
morphological  comparison  lead.  lux  discussing  the  arrangement  of 
the  nipples  in  swine,  we  shall,  therefore,  not  lay  much  stress  on  close 
comparisons,  but  content  ourselves  with  the  division  of  the  material 
into  the  two  chief  classes  already  designated  as  regular  and  irregular. 
In  a  few  of  the  pigs  that  came  under  our  observation  nipples  were 
found  so  near  the  median  line  as  to  appear  to  be  median  in  position. 
Such  nipples,  however,  can  usually  be  shown  to  be  really  lateral  in 
position,  and,  as  a  matter  of  fact,  all  have  been  classed  as  belonging  to 
either  the  right  side  or  the  left. 

TABLE  3. 

The  Pigs  op  1000  litters,  in  all  5970,  Classified  According  to  thb 
Number  of  Nipples  in  each. 


Numbers  of  nipples 

8 

9 

lo 

11 

12 

1      13 

Numbers  of  cases 

1 

7 

697 

1134 

2094 

962 

Frequency  per  mill 
Numbers  of  nipples 

1- 
14 

1-f 
15 

117- 
16 

190- 



i  351- 
18 

161 -f 

Total 

1 

Numbers  of  cases 

738 

208 

111 

14 

4 

1    5970 

Frequency  per  mill 

124- 

So- 

19- 

2-f 

1- 

1002 

Numbers  of  nipples  in  pigs.  Gegenbaur  (1898,  p.  129)  makes  the 
statement  that  swine  possess  from  8  to  10  nipples.  Bateson  (1894, 
p.  190)  records  for  young  pigs  12  to  16,  and  Wentworth  (1913,  p.  268) 
gives  8  to  16.  In  the  thousand  litters  that  we  examined,  as  shown  in 
Table  3,  the  smallest  number  of  nipples  present  was  8,  and  the  largest 
18.  The  mode  was  12,  which  was  very  near  the  mean  number  for 
the  whole  population,  12.2  —  . 


Digitized  by 


GooglQ 


404 


PROCEEDINGS  OF  THE  AMERICAN  ACADEMY. 


In  the  pigs  studied  by  Wentworth  (1913,  p.  269)  the  mode,  which  is 
even  more  marked  than  in  our  series,  fell  upon  10,  instead  of  12,  a 
difference  probably  due  to  a  difference  in  breeds. 

Plotting  the  records  contained  in  Table  3  in  the  form  of  a  frequency 
polygon,  Table  4,  it  is  clear  that  the  groups  representing  even  numbers 
of  nipples  stand  relatively  high  as  compared  with  those  representing 
odd  numbers,  a  condition  which  indicates  that  the  arrangement  of 
nipples  tends  to  be  in  pairs.  This  is  also  evident  from  the  table  given 
for  Duroc  Jersey  swine  by  Wentworth  (1913,  p.  269),  who  has  shown 
that  the  nipples  are  more  probably  inherited  in  pairs  than  laterally. 

TABLE  4. 

Frbquenct  Polygon  showing  the  Distribution  op  5970  Pios  (1000  LnrERS) 

According  to  the  Number  of  Nipples  on  each  Pig.    The  Numbers 

OF  Nipples  are  Plotted  as  Abscissae  and  the  Number  of  Variates 

AS  Ordinates  (Table  3). 


300 
200 

— 

100 

1 

6  0  10  11  12  l.J  14  15  IG  17  18 

Numbers  of  nipples  in  male  and  female  pigs.  The  numerical  dis- 
tribution of  the  nipples  in  male  and  in  female  pigs  is  given  in  Table  5. 

In  the  3024  male  pigs  the  nipples  ranged  from  9  to  18,  with  a  mean 
number  of  12.4+  and  a  mode  of  12.  the  standard  deviation  was  0,6906 
=*=  .0060.  In  the  2946  female  pigs  the  nipples  ranged  from  8  to  18  with 
a  mean 'of  11.9+  and  a  mode  of  12.     The  standard  deviation  was 
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TABLE  6. 

Numbers  of  Pigs  from  1000  Litters  Classified  According  to  the  Nctm- 
BERS  OF  Nipples  on  the  Right  and  Left  sides. 


Numbers 

Left  Side 

Right  Side                       1 

of  nipples 

Observed                Numbers 
numbers                  per  mill 

Numbers 
per  mill 

Observed 
numbers 

4 
5 
6 

7 

8 

9 

10 

5                        0.8 

1461                    244.7 

2938           ;         492.1 

1324                   221.8 

233                     39.0 

9                       1.5 

0               •      0.0 

0.8 

198.1 

529.6 

228.9 

39.7 

2.7 

0.2 

5 

1182 

3162 

1367 

237 

16 

1 

Totals 

5970                   999.9                 1000.0         |           5970          1 

differ  by  one,  two,  or  three  nipples.  No  cases  were  found  where  the 
two  sides  differed  by  as  much  as  four  nipples.  This  form  of  compari- 
son for  the  whole  population  as  well  as  for  the  separate  sexes  is  given 

in  Table  7. 

TABLE  7. 

Percentages  of  Pigs  in  1000  Litters  in  which  the  Nipples  of  the  Right 
AND  Left  Sides  agree  in  Number,  or  differ  by  one,  t\^'o,  or  three. 
The  Percentages  are  given  for  the  Whole  Population  (5970  in- 
dividuals), THE  Males  (3024  Individuals),  and  the  Females 
(2946  Individuals). 


Whole  population 


Males 


Females 


Agreement 
Difference  of  1 
Difference  of  2 
Difference  of  3 


58.6- 
38.9  + 
2.5- 
0.03  + 


59.1- 
3S.3- 
2.6- 
0.07- 


58.1- 
39.6- 

2.4- 

0.0 


The  correlation  of  the  nipples  of  the  two  sides  of  the  pigs  is  given  in 
Table  8. 

The  coefficient  of  correlation  of  the  right  and  left  sets  of  nipples  is 
0.6063  =*=  .0055,  a  somewhat  lower  degree  of  correlation  than  was 
found  by  Davenport  and  Bullard  (1S9(),  pp.  90)  for  the  Miillerian 
glands  on  the  fore  legs  of  swine. 

The  correlation  of  the  nipples  of  the  two  sides  as  exhibited  by  the 
two  sexes  is  shown  in  Table  9  for  tlie  males  and  in  Table  10  for  the 
females. 
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TABLE  10. 

Correlation  between  the  Nipples  of  the  Right  and  Left  Sides  op  the 
Female  Pigs  in  1000  Litters,  2946  Individuals. 


Nipples 

of  Right 

7 

Side 

4 
1 

5 

6 

« 

9 

10 

4 

3 

0 

0 

0 

0 

0 

5 

2 

422 

389 

38 

0 

0 

0 

Nipples 
of 

6 

1 

253 

1029 

229 

2 

0 

0 

7 

0 

23 

226 

238 

35 

2 

0 

Left  Side 

8 

0 

0 

4 

24 

19 

2 

0 

9 

0 

0 

0 

0 

3 

1 

0 

10 

0 

0 

0     i         0 

0 

0 

0 

Regular  and  irregular  plans.  The  proportions  of  pigs  in  which  the 
nipples  are  arranged  on  the  regular  and  the  irregular  plans  (see  p.  402) 
as  seen  in  the  whole  population  and  in  the  sexes  separately  are  given 
in  Table  11. 

TABLE  11. 

Proportions  in  1000  Litters  of  the  Whole  Population,  of  Males,  and 

OF  Females,  that  Exhibited  the  Regular  and  the  Irregular 

Arrangement  of  the  Nipples. 


Regular 
Irregular 

Whole  population 

1               Males 

1              Females 

\  Number       Percent 

Number 

Percent 

1  Number       Percent 

1     1848     ■     61.1-h 
1     1176          38.9- 

3559 
2411 

59.6  + 
40.4- 

'     1711     '    58.1- 
1     1235     1     41.9-h 

From  Table  1 1  it  is  clear  that  in  the  population  as  a  whole  the  regular 
arrangement  occurs  more  frequently  than  the  irregular  one  in  the 
ratio  of  about  6  to  4.  The  proportion  of  instances  of  the  regular 
arrangement  is  very  slightly  greater  in  the  males  than  in  the  females. 

The  details  of  the  various  combinations  of  nipples  under  the  two 
general  plans,  regular  and  irregular,  are  given  for  the  population  as  a 
whole  and  for  the  sexes  separately  in  Table  12. 

^Vhat  we  have  called  the  regular  plan  in  the  arrangement  of  the 
nipples  has  led  to  the  assumption  on  the  part  of  some  investigators 
that  the  mammary  glands  are  segmentally  arranged,  an  opinion 
especially  advocated  by  Williams  (1891).  But  the  conditions  pre- 
sented by  many  of  the  lower  mammals  do  not  seem  to  us  to  favor  this 
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TABLE  12. 

Frequency  and  Mode  of  Representation  op  the  Regular  and  Irregular 

Arrangement  op  Nipples  in  5970  Pigs  (1000  Litters)  Distributed  for 

THE  Sexes  Separately  and  for  the  Population  as  a  Whole. 


Regular 

Irregular 

Numbers 

Grand 

of  nipples 

Totals 

Equal 

lilale 

Female 

Total 

Male 

Female 

Total 

4-4 

0 

1 

1 

0 

0 

0 

1 

&-5 

256 

391 

647 

18 

31 

49 

696 

6^ 

824 

819 

1643 

133 

210 

343 

1986 

7-7 

386 

191 

577 

81 

47 

128 

705 

8-8 

66 

13 

79 

21 

6 

27 

106 

9-9 

0 

0 

0 

2 

1 

3 

3 

Differ 

by  one 

4-5 

0 

0 

0 

1 

3 

4 

4 

5-4 

0 

0 

0 

1 

2 

3 

3 

5^ 

75 

93 

168 

232 

296 

528 

696 

6-5 

64 

81 

145 

121 

172 

293 

438 

6-7 

52 

36 

88 

219 

193 

412 

500 

7-6 

72 

60 

132 

162 

166 

328 

460 

7-8 

13 

5 

18 

64 

30 

94 

112 

8-7 

17 

8 

25 

55 

16 

71 

96 

8-9 

3 

2 

5 

5 

0 

5 

10 

9-8 

1 

1 

2 

0 

2 

2 

4 

Differ 

by  two 

4-6 

0 

0 

0 

0 

0 

0 

0 

6-4 

0 

0 

0 

0 

1 

1 

1 

5-7 

4 

3 

7 

22 

35 

57 

64 

7-5 

9 

4 

13 

12 

19 

31 

44 

6-8 

2 

0 

2 

9 

2 

11 

13 

8-6 

3 

2 

5 

13 

2 

15 

20 

7-9 

1 

1 

2 

0 

1 

1 

3 

9-7 

0 

0 

0 

2 

0 

2 

2 

8-10 

0 

0 

0 

1 

0 

1 

1 

10-8 

0 

0 

0 

0 

0 

0 

0 

Differ 

by  three 

5-8 

0 

0 

0 

2 

0 

2 

2 

8-5 

0 

0 

0 

0 

0 

0 

0 

Totals 

1848 

1711 

3559 

1176 

1235 

2411 

5970 
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Appendix. 

Records  of  1000  litters  of  unbom  pigs  showing  the  relative  position 
of  the  pig  in  the  uterus,  its  sex,  and  the  number  and  arrangement  of 
its  nipples.  The  table  begins  with  litters  of  one  pig  and  proceeds  in 
sequence  to  the  largest  Htter,  one  of  fifteen.  The  litters  are  numbered 
from  1  to  1000.  The  vertical  heavy  line  indicates  the  line  of  separa- 
tion between  the  right  and  left  horns  of  the  uterus;  the  records  at  the 
reader's  left  from  this  line  represent  the  pigs  in  the  left  horn  of  the 
uterus,  at  the  reader's  right  in  the  right  horn.  Each  pig  is  repre- 
sented by  a  letter  and  two  figures:  m  indicating  male,  f  indicating 
female,  and  the  figures  indicating  the  numbers  of  nipples  on  the  left 
and  on  the  right  side  of  the  pig.  The  sides  of  the  pig  correspond  to 
the  reader's  right  and  left.  When  the  sex  letter  is  Roman,  the  ar- 
rangement of  the  nipples  was  regular  (p.  402),  when  italic,  it  was  ir- 
regular. Thus  m  76  indicate  a  male  pig  with  7  nipples  on  the  left  and 
6  on  the  right  arranged  irregularly,  and  f  76  indicates  a  female  pig  with 
the  same  numbers  of  nipples  on  each  side  as  the  male,  but  regularly 
arranged.  The  records  for  each  litter,  occupying  a  single  line,  form  a 
series  corresponding  to  that  of  the  pigs  in  the  uterus,  in  that  the  ex- 
treme left-hand  record  was  taken  from  the  pig  nearest  the  left  ovary, 
the  extreme  right  from  the  one  nearest  the  right  ovary. 


1 
2 
3 
4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 


m76 

f76 

m78 

m77 

m56 

m77 

f66 

m66 

m55 

in66 

/65 

f66 

/76 

m76 

f66 

f65 

m76 

m55 

m56 

/67 

w76 

/76 

f65 

m66 


/56 
/67 
£55 
f55 
/66 
m66 
m88 
/56 
/65 


26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


m76 

/75 

m77 

m77 

£55 

in66 

m77 

ra77 

f66 

m56 

mee 

/56 

m76 

m65 

in66 

£77 

f66 

£66 

£65 

7/1 65 

m55 

m55 

7n66 

m54 

/66 

/76 

m55 

/66 

/•77 

£77 

£66 

m76 

m66 

w67 

m76 

£66 

m6S 

/56 

£56 

m66 

m66 

m55 

/66 

m55 

£66 

ra77 

m56 

m56 

49 

m66 

50 

m77 

61 

£66 

62 

£55 

63 

m66 

54 

m55 

66  m56 

66  £66 

57  m66 

58  /56 

59  m76 

60  m77 
£56 


61 
62 
63 


£55 
/56 

64  m56 

65  £66 
£67 
/66 
£66 

m56 

m67 

£55 

£55 


66 
67 
68 
69 
70 
71 
72 


/75 
m76 

/56 

/56 
m66 
w77 
m66 

£66 
m67 
m55 

£66 
m76 
m66 
in55 

£66 

£66 

£55 
m76     £56 

£66   m65 

/56   m77 
m75     £66 

£66     £67 

/55   m66 

£66     £65 
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73 

£55 

m77   m76 

127 

m56  m65 

/67 

74 

£77 

/66  m66 

128 

/66     /67 

/65 

76 

£76 

m88  m78 

129 

m65   m55 

m66 

76 

m66 

m76  m65 

130 

m66     £65 

£55 

/       77 

w56 

m65     /56 

131 

m66  m77 

m66 

.    78 

m66 

£55   w65 

132 

w88   m66 

m66 

79 

/65 

/76   w67 

133 

£56  m76 

m65 

80 

m55 

£66     £67 

134 

w66     £77 

£78 

81 

£76 

£66     £55 

136 

/67     /76 

m67 

82 

m66 

£66   m66 

136 

m77     £66 

f7% 

83 

w97 

/56     /78 

137 

m66   m77 

£56 

84 

/77 

m65  m66 

138 

m66     /57 

m77 

86 

m55 

m66     /56 

139 

/76     £55 

m66 

86 

£65 

m55     /67 

140  1 

m55  m55 

m56 

£56 

87 

/65 
£66 

/66   w66 
/67    w99 
w65     /56 
m56    m56 
m87  m88 
w65     £55 
/67     £87 

141 

in88 

m88 

•i^S 

m88 

88 

142 

m66 

m77 

/67 

^^l 

89 
90 
91 
92 
93 

£67 

m67 

m66 

£66 

/99 

143 
144 
146 
146 
147 
148 

m66 
m66 
m66 
m87 
/56 
m  55 

m88 
m67 
m65 
m55 
/68 
£56 

m56 
£56 
/65 
£66 
£55 
£66 

m77 
m65 

/77 
m88 
m76 

£55 

94 

/56 

/56   m66 

149 

£76 

£77 

£66 

m66 

96 

m55 

m55  m66 

160 

£65 

/66 

m65 

£55 

96 

m67 

£66  m66 

161 

m76 

£66 

£66 

£55 

97 

7/1 76 

m78     £66 

162 

m77 

m77 

m87 

m77 

98 

/65 

m66   m56 

163 

m66 

m66 

£77 

m66 

99 

m66 

m66  m66 

164 

£66 

/67 

/56 

£66 

100 

m55 

m56    m66 

166 

£65 

m55 

£55 

£65 

101 

/56 

m67   m65 

166 

in66 

m76 

/67 

£66 

102 

£66 

m65    m66 

167 

£66 

m55 

m56 

/55 

103 

/66 

/76     £66 

168 

m66 

£66 

£66 

m67 

104 

£66 

/56 

m55 

169 

/56 

£55 

£55 

m55 

106 

m67 

£77 

/66 

160 

w78 

/67 

£67 

w87 

106 

m66 

/66 

m55 

161 

£55 

/57 

£66 

w67 

107 

£77 

£66 

/76 

162 

/65 

m66 

£56 

£76 

108 

m68 

£76 

£66 

163 

/56 

m66 

m77 

/76 

109 

m55 

m66 

m56 

164 

m66 

£56 

w55 

m66 

110 

m56 

/65 

m77 

166 

m76 

m66 

m65 

£66 

111 

m67 

/76 

/65 

166 

m66 

/65 

£66 

m87 

112 

m66 

/67 

£66 

167 

/66 

£66 

m66 

m66 

113 

£55 

m78 

ra77 

168 

m5o 

in66 

£55 

£55 

114 

/65 

m77 

£77 

169 

m67   m56 

/66 

m67 

116 

w56 

/76 

w45 

170 

£66   m65 

m78 

£66 

116 

m55 

in66 

m77 

171 

£66   m66 

m66 

£66 

117 

/56 

£66 

£66 

172 

/76   m66 

m76 

m66 

118 

m55 

/65 

£65 

173 

£67     £66 

in66 

/67 

119 

£66 

£66 

£55 

174 

£66  m75 

m56 

/56 

120 

m77 

£66 

/66 

176 

m66     /56 

/56 

m66 

121 

/76 

/77 

/76 

176 

m  77   m  56 

£56 

m67 

122 

£55 

m55 

£65 

177 

/57   m66 

£55 

/67 

123 

m66 

m67 

ni88 

178 

mm     £77 

£66 

m55 

124 

£77 

£77 

m76 

179 

£55    m77 

/65 

£66 

126 

m  7G 

£66 

£77 

180 

m55   m66 

/66 

m55 

126 

/66 

m65 

£66 

181 

/67   m56 

m77 

m66 
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CONTRIBUTIONS  FROM  THE  GRAY  HERBARIUM  OF  HARVARD 
UNIVERSITY.— NEW  SERIES.  No.  XLII. 

Presented  by  B.  L.  Robliison,  May  14^  1013.         Reoeiyed  June  24.  1913. 

I.    A  GENERIC  KEY  TO  THE  COMPOSITAE-EUPATORIEAE. 
By  B.  L.  Robinson. 

It  is  now  more  than  twenty  years  since  the  genera  of  the  Eupaiorium 
tribe  were  keyed  by  Hoffmann  in  Engl.  &  Prantl,  Nat.  Pflanzenf.  iv. 
Ab.  5  (1890).  During  this  interval  several  genera  have  been  added 
to  the  tribe,  some  few  have  been  definitely  removed  from  it  to  other 
tribes  of  the  Compositae,  two  {Brachyandra  and  Addisonia)  have  been 
reduced,  and  certain  sections  of  genera  have  come  to  appear  worthy 
of  generic  rank  within  the  tribe.  In  consequence  the  key  of  Hoffmann, 
though  excellent  for  its  time,  is  now  unsatisfactory  and  far  from  com- 
plete. The  one  here  offered,  though  drawn  up  after  some  years' 
study  of  the  group,  is  put  forth  rather  as  a  convenient  working  hy- 
pothesis than  a  finished  or  monographic  product. 

In  the  Eupatarium  tribe,  as  elsewhere  in  the  Compositae,  generic 
distinctions,  though  essential  for  classification,  often  seem  pretty  arti- 
ficial and  the  more  precisely  they  are  stated  the  greater  of  necessity 
becomes  the  artificial  or  arbitrary  element.  A  re-examination  of  the 
technical  characters  relied  upon  by  the  older  authors  discloses  many 
exceptions  and  transitions.  On  the  other  hand  persistent  attempts 
to  secure  a  more  natural  classification  by  relying  in  larger  measure 
upon  habital  traits  have  proved  even  more  disappointing.  These, 
while  fairly  convincing  among  plants  of  a  circumscribed  area,  quickly 
lose  any  statable  definiteness  in  dealing  with  the  species  of  the  world. 
One  is  in  consequence  forced  to  a  restatement  of  the  distinctions  of 
pappus,  achenes,  anther-tips,  and  involucral-bracts  as  yielding  after 
all  the  most  practical  basis  for  classification  in  the  group. 

In  order  to  employ  these  more  technical  features  effectively  some 
explanation  and  definitions  are  necessary. 

The  pappus  of  the  Eupaiorium  tribe  offers  a  wide  variety,  including 
nearly  all  forma  found  in  the  Compositae*    Scales,  distinct  or  connate, 
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blunt  or  bristle-tipped,  as  well  as  hairs  tnily  eapillary  or  setiform  or 
awn-like,  simple,  barbellate,  or  plumose,  rarely  elavate  or  even  gland- 
tipperl,  all  occur  witliin  the  tribe. 

With  rare  exceptions  it  has  been  found  possible  to  distinguish  pretty 
readily  between  the  truly  capillary  pappus  of  such  genera  as  Kupa- 
forluniy  Mikania,  or  BrickcUia  and  the  also  terete  but  stiff er  bristle- 
formed  pappus  characteristic  of  Agrimithius  and  of  certain  species  to  be 
segregated  from  Agrratum.  On  the  other  hand  it  is  believed  that  this 
bristle-formed  pappus  can  in  practically  all  cases  be  distinguished  from 
the  scale-pappus  of  the  true  Ageratums  and  that  it  forms  a  useful 
basis  of  separation  for  some  elements  long  classified  with  Agrratum. 
More  difficult  is  the  sharp  <listinction  of  plumose  pappus  from  forms 
in  which  the  setae  are  merely  barbellate,  and  while  this  traditional 
character  seems  alnmst  necessary  at  times  it  has  bec*n  employed  as 
sparingly  as  possible. 

A  distinction  which  is  more  important  and  wliich  seems  never  to 
have  bi»en  acieciuately  studied  even  by  close  students  of  the  Compositne 
is  the  difference  between  a  very  short  cup-sfiapcfi,  saucer-sliapinl,  or 
coroniform  papjnjs,  such  as  occurs  in  Agrratuw  ^Corlc^titut,  and  the 
similar  low  and  often  slightly  angidate  or  toothe<l  annulus  which  often 
crowns  the  mature  achene  in  genera  like  Alont''i,  which  lack  all  true 
pappus.  When  seen  (m  fully  ripe  aclienes  from  wliich  the  corolla  has 
fallen  away  these  structures  often  appear  considerably  alike,  yet 
even  in  this  late  stage  difTerencrs  are  usually  to  be  noted.  The 
true  pappus,  even  when  wry  rudimentary,  inclines  to  be  cup-sliaped 
and  possesses  a  thin  vi\\!:,e.  The  annulus  is  a  mere  low  usually  thickish 
cartilagineous  or  fieshy  ring  with  a  blunt  inX^i:'.  If  examined  in  a 
younger  stage,  while  the  corolla  is  still  in  place,  it  will  be  seen  that  the 
tnie  pa])pus,  liowever  rudimentary,  is  distinctly  exterior  to  the  base 
of  the  corolla,  while  the  annulus  is  merely  the  ringlike  base  from  which 
the  mature  corolla  disarticulates.  This  base  sometimes  enlarges 
slightly  after  the  corolla  falls  an<l  has  in  such  species  as  Agrrnfum 
ii'hi()id(\s  or  more  projM'rly  Alofnia  n-hioulrs  been  taken  /or  a  true  and 
much  reduced  pappus.  In  the  peculiar  genus  ffali.scoa  the  annulus 
takes  on  a  saucer  shaj)e  and  has  frayed  c[uasi  ciliolate  al^i',  yet  when 
carefully  examined  in  a  young  state  it  can  be  seen  to  be  a  sub-corollar 
rather  than  an  extra-corollar  structure. 

To  add  to  the  complexity  an  intra-<'orollar  disk  is  often  present  in 
various  rudimentary  forms,  as  for  instance  in  minute  Heshy  or  glandu- 
lar papillae  or  in  a  fieshy  ovoid,  depn'ssed-globose,  or  napiform  en- 
largement at  the  base  of  the  style,  capa])le  of  some  pers  stence  in  the 
mature  achene. 
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The  presence  or  abflence  of  a  true  (thou^  often  much  reduced) 
pappus  becomes  especially  important  in  distinguishing  Ageraium  { 
Coelesiina  and  Alomia  and  leads,  as  will  be  seen  elsewhere  in  this 
paper,  to  some  readjustment  of  generic  lines.  The  character  is  be- 
lieved to  be  a  good  one  and  to  lead  to  a  real  distinction  between  groups 
which  have  hitherto  been  very  poorly  delimited. 

To  see  clearly  what  is  here  meant  it  is  only  necessary  to  compare 
Ageratum  micrapappum,  possessing  a  true  but  excessively  reduced 
pappus,  with  Ageratum  heterolepis,  A.  echioidea,  A,  microcephalum,  or 
A.  microcarpum,  all  of  which  so  far  as  observed  by  the  writer  have  no 
real  pappus  but  merely  a  sub-coroUar  annulus  and  in  consequence 
are  to  be  referred  to  Alomia, 

The  involucre  in  the  Eupatorium  tribe  takes  on  many  forms,  all 
more  or  less  intergrading.  In  Eupatorium  itself,  though  the  involucre 
goes  throu^  the  whole  gamut  of  variation,  ihe  number  of  species  is 
so  great  that  grouping  by  involucral  differences  has  never  appeared 
to  be  sharp  enough  to  permit  any  satisfactory  generic  segregation  of 
the  elements  concerned.  It  is  very  easy  to  refer  certain  marked 
species  to  Osmia  Sch.  Bip.  and  others  to  Kyrstenia  Necker,  but  tran- 
sitions are  innumerable.  On  the  other  hand  in  many  of  the  smaller 
genera  involucral  ch£b*acters  furnish  distinctions  of  sectional  or  even 
generic  value.  Three  types  of  involucre  may  be  recognized  as  follows : 
1)  in  which  the  chief  scales  are  definite  or  subdefinite  in  number  (four 
in  Mikania  and  Kanimia,  five  or  six  in  Stevia)  often  surrounded  at  the 
base  by  1-3  considerably  reduced  scales  i.  e.  calyculate.  2)  the  chief 
scales  of  indefinite  number  (though  rarely  very  numerous)  and  sub- 
equal,  appearing  to  be  in  1-3  series  and  often  accompanied  by  a 
very  few  much  reduced  outer  ones.  This  is  the  common  form  of  invo- 
lucre in  Ageratum,  Kuknia,  etc.  3)  scales  of  indefinite  number  (usually 
numerous)  conspicuously  unequal  and  gradually  diminishing  outward, 
forming  apparently  several  to  many  series,  though  of  course  in  reality 
spirally  arranged.  These  three  types  of  involucre,  while  sometimes 
confluent,  arc  in  general  pretty  readily  distinguished. 

There  are  also  considerable  differences  in  the  texture  of  the  involu- 
cral scales  and  to  some  extent  these  may  be  used,  at  least  as  supple- 
mentary aids,  in  distinguishing  genera.  Thus  in  Ageratum,  most 
Alomias,  and  several  other  genera  the  scales  are  prevailingly  of  rather 
firm  texture  and  pretty  definitely  1-3-costate,  while  in  Brickellia, 
Hqfmeigteria,  Podophania,  Oaxacania,  etc.  the  scales  are  prevailingly 
thin,  flat,  aijd  finely  striate. 

One  othe^  character  of  special  classificatory  significance  in  the 
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Eupatorium  tribe  needs  restatement  with  greater  detail,  namely  the 
apical  appendage  of  the  anthers.  It  has  long  been  eustomarj'  to 
separate  the  subtribe  Piquerinae  on  the  ground  that  this  apical  ap- 
pendage was  there  absent,  yet  to  this  subtribe  have  been  referred 
several  genera,  such  as  Adenostemma^  Gymnocoronis,  Hariwnghtia, 
Podophania,  Decachaeta,  Helogyne,  and  Eupaioriopsis,  which  exhibit 
such  an  apical  appendage  in  various  degrees  of  development,  while  in 
Eupatorium  proper  there  are  several  species  in  which  the  appendage 
is  decidedly  rudimentary'.  It  will  thus  be  seen  that  the  distinction 
l>etween  the  Piquerinae  and  the  Ageraiinae  breaks  do^Ti  completely 
unless  it  can  be  supplemented  by  other  characters  or  restated  with 
proper  qualification.  Persistent*  search  has  failed  to  dis<x>ver  any 
correlated  differences,  so  it  is  necessarj'  to  make  the  most  of  the  anther- 
appendage. 

P^xamination  of  the  typical  Piquerinae^  such  as  Piqueria,  Ophryos- 
porus,  etc.,  shows  that  the  anthers  are  entirely  destitute  of  apical 
appendage,  nor  is  the  connective  upwardly  thickened  or  expanded  in 
a  way  to  cover  the  cells.  If,  however,  the  doubtful  genera  above 
mentioned  are  examined,  it  becomes  evident  that  the  rudimentary 
appendage  assumes  several  distinguishable  forms.  In  Dvcachaeta 
and  Podophania  it  consists  merely  of  an  exceedingly  short  cushion-like 
expansion  of  the  dilated  summit  of  the  connective.  The  connective 
is  thus  without  change  of  texture  broadened  out  until  it  partially  or 
entirely  covers  the  apices  of  the  loculi,  the  whole  anther  being  de- 
cidedly blunt  or  even  slightly  retuse.  It  is  to  be  noted  that  there  is 
here  no  membranaceous  appendage  in  the  stricter  sense,  and  it  seems 
b(*st  to  retain  these  genera  in  the  Piquerinae, 

Tlie  next  stage  in  the  development  of  the  apical  appendage  is  seen 
in  the  three  genera  Adenostemmay  Gymnocoronijf,  and  Hartwrightia, 
In  these  there  appears  always  to  be  at  least  a  very  short  and  decidedly 
retuse  membranous  appendage.  This  may  be  a  single  or  simple 
structure  or  in  Adenostemvia  it  is  sometimes  so  deeply  divided  in  the 
middle  that  it  virtually  becomes  two  small  membranous  tips  crowning 
and  slightly  prolonging  the  two  loculi.  In  other  respects  these  three 
genera  manifest  striking  similarities,  such  as  the  form  of  the  corolla 
and  especially  in  the  uniformly  glandular  faces  of  the  achenes.  Both 
on  account  of  the  seemingly  close  relationship  among  themselves  and 
in  order  to  permit  a  more  precise  definition  of  the  Piquerinae  it  seems 
desirable  to  class  these  three  genera  in  a  new  co-ordinate  subtribe,  the 
A  denostem  maiinae. 

In  Helogyne  and  Eupaioriopsis  the  apical  appendage  assumes  the 
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ovate-oblong  form,  fairly  characteristic  of  other  portions  of  the  Eupa- 
torium  tribe,  and  these  genera  may  well  be  transferred  to  the  Agera- 
tinac  as  has  been  earlier  pointed  out.  See  Proc.  Am.  Acad.  xlii.  27 
(1906).  With  these  changes  it  is  believed  that  the  Piquerinac, 
Adenostemmatinae,  and  Agcratinae  will  be  found  fairly  clear  as  sub- 
tribes.  The  fourth  subtribe  of  the  Eupatoriede,  characterized  by  its 
more  numerously  ribbed  achenes,  has  been  known  as  the  Adeno- 
siylinae  from  its  (as  assumed)  t>T)ical  genus,  Adenostyles  Cass.  This 
genus,  however,  is  one  which  has  always  been  very  dubiously  placed 
with  the  Eupatoricae  if  classed  with  them  at  all.  To  the  writer,  after 
repeated  examinations  of  the  genus  from  various  points  of  view,  it 
seems  clear  that  its  real  affinity  is  with  the  Scnecioneae.  Arguments 
for  this  view  can  be  found  in  many  minor  details  of  habit,  which  taken 
together  become  convincing.  The  elongated  style-branches  alone 
would  suggest  a  relationship  with  the  EupcUorieae,  but  even  these  do 
not  appear  really  eupatorioid.  They  tend  to  an  attenuate  rather 
than  a  clavellate  form  in  the  first  place,  and  in  the  second  they  are 
inclined  to  be  recoiled  through  a  much  greater  arc  than  is  usual  among 
the  EupaioriecLc,  Finally  the  unbranched  portion  of  the  style  in 
Adenostyles  is  at  maturity  commonly  exserted,  while  this  would  in  the 
Eupaiorium  tribe  be  highly  exceptional.  With  the  removal  from  the 
Eupaiorium  tribe  of  the  genus  Adenostyles  the  remaining  portion  of 
the  subtribe  hitherto  known  as  the  Adenosiylinae  must  in  accordance 
with  Art.  52  of  the  International  Rules  of  Botanical  Nomenclature 
be  renamed.     It  may  be  called  the  Kuhminae. 

The  genus  Mallinoa  Coult.  Bot.  Gaz.  xx.  47  (1895)  was  doubt- 
fully ascribed  by  its  author  to  the  Inuleae,  its  anthers  being  de- 
scribed as  sagittate  and  being  figured  (1.  c.  t.  5,  f.  4)  as  having  acute 
auricles  at  the  base  of  the  anther-cells.  Soon  after  its  publication 
Hoffmann  in  Engl.  &  Prantl,  Nat.  Pflanzenf.  Nachtr.  322  (1897) 
placed  Mallinoa  in  the  Eupatoricae,  where  there  can  be  no  doubt  it  in 
reality  belongs.  For  some  reason  not  made  clear,  Hoffmann,  though 
recognizing  the  eupatorioid  nature  of  Mallinoa  placed  it  next  Tricho- 
gonia,  with  which  it  has  no  close  habital  resemblance  nor  striking 
likeness  of  involucre  or  pappus.  To  the  writ^  Mallinoa  seems  to  be 
merely  a  species  of  the  genus  Eupaiorium,  exceedingly  close  to  the 
long  known  E,  bellidifolium  Benth.  In  foliage,  gesture,  and  inflores- 
cence these  plants  possess  a  resemblance  amounting  almost  to  iden- 
tity. Mallinoa,  however,  is  readily  distinguished  (specifically)  by 
its  decidedly  broader,  blunter,  and  much  smoother  involucral  bracts. 
In  the  light  of  excellent  material  of  both  plants  secured  hy  Mr? 
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Pringle,  the  writer  finds  that  the  anther-bases  in  Mallinoa  are  cordate 
rather  than  sagittate,  the  basal  auricles  being  decidely  rounded.  In 
Eupatorium  bellidifolium  furthermore  the  anther-bases  are  also  retuse, 
the  condition  being  very  similar  and  the  difference  merely  a  trifling 
one  of  degree  and  in  no  sense  one  of  kind.  The  degree  of  difference  is 
closely  comparable  to  that  shown  between  fig.  2  and  fig.  3  on  plate  9 
of  Bentham's  classical  "Notes"  (Jour.  Linn.  Soc.  xiii.).  It  will  be 
noticed  that  Bentham,  whose  experience  and  judgment  upon  these 
matters  have  probably  never  be«i  surpassed,  admits  the  occurrence 
of  anthers  of  both  these  types  in  the  Eupatorium  tribe  (1.  c.  360).  If 
admitted  to  the  Eupatorium  tribe  at  all,  Mallinoa  cannot  be  kept  out 
of  the  genus  Eupatorium  as  at  present  delimited. 

Regarding  the  transfer  of  Apodocephala  Bak.  to  the  Vermmieae,  see 
Proc.  Am.  Acad.  xlii.  32  (1906),  and  of  Lepidesmia  Klatt  to  the  Heli- 
antheae,  see  Proc.  Am.  Acad,  xlvii.  210  (1911). 

Further  study,  especially  of  the  larger  genera,  may  well  reveal 
profitable  generic  segregations  not  as  yet  clear.  This  is  especially 
likely  to  be  the  case  among  the  numerous  and  as  yet  very  imperfectly 
known  South  American  members  of  the  tribe.  It  is  also  by  no  means 
improbable  that  when  these  are  more  satisfactorily  represented  in 
herbaria  some  new  and  more  convincingly  natural  re-adjustment  of 
generic  lines  will  become  possible.  Furthermore,  it  is  to  be  remem- 
bered by  users  of  the  following  key  that  disconcerting  exceptions  and 
anomalies  occur  here  as  elsewhere  among  the  Compositae,  as  for 
instance  four-,  six-,  or  even  seven-an^ed  achenes  among  the  normally 
5-angled  ones  in  the  Ageratinae,  or  occasionally  calvous  achenes  in 
certain  heads  of  the  normally  pappus-bearing  genera  Tri^hogonia  and 
Ageratum, 

Subtr.  I.  PiQUERiNAE.  Anthcrac  apice  omnino  exappendiculatae 
vel  a  connectivo  sursum  leviter  incrassato  et  supra  loculos  plus  minusve 
lateraliter  expanso  truncato  vel  retuso  terminatae.  Achaenia  non 
glandulari-papillifera. 

a.    Pappus  nullus  vel  rarissime  breviasime  obsoleteque  setoeus. .  1.     Piqueria 
a.    Pappus  setosus  b. 
b.    Pappi  setae  laeves  vel  modice  scabratae  c. 
c.     rappi  setae  saepissime  10  sursum  clavellatae.     Folia  pleraque  alterna 
34obata   vel    non    lobata.     Capitula   parva   numeroea    subsessilia 

paniculata 2.     Decachaeta. 

c.     rappi  setae  tenues  non  clavellatae.     Folia  opposita  dissecta.     Capi- 
tula axiilaria  longe  pedunculata 3.     Podophania. 

b,    Pappi  setae  plumosae 4.    Ophryosporus. 
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a.    Pappus  squaiiiosus  d. 

d.     Pappi  squamulae  breves  fimbriatae.     Ind.  Occ 5.     Phania. 

d,    P^pi  squamulae  longae  integrae  apice  in  aristam  attenuatae. 
Mex 6.     Ageratella. 

Subtr.  II.  Adenostemmatinae,  subtr.  nov.  Antherae  apice 
breviter  appendiculatae,  appendice  membranacea  aut  simplici  et 
retusa  aut  bifida  et  apices  loculorum  coronante.  Corollae  tubus 
brevis  et  fauces  infundibulares.  Achaenia  obovoidea  glandular!- 
papillosa. 

a.    Pappus  e  setis  brevibus  3-5  clavatis  ab  annulo  paten tim  ascendentibus 

compositus 7.      Adenostemma. 

a.     Pappus   nullus   vel   brevissime   obsoleteque   setosis,    setulis   numquam 
clavatis  6. 
b.    Reeeptaculum  nudum.     Folia  opposita  dentata.     Mex.,  Am.  Aust. 

8.     Gymnocoronia. 
b.    Reeeptaculum  margine  paleiferum.     Folia  alteraa  integra.     Fla. 

9.     Hartwrightia. 

Subtr.  III.  Ageratinae.  Antherae  apice  cum  appendice  mem- 
branacea ovata  vel  oblonga  integra  vel  retusa  instructae.  Achaenia 
normaliter  5(rarissime  4-6)-angulata  prismatica  vel .  subprismatica 
rariter  compressa  eglandularia  vel  rariter  glandulari-atomifera. 

a.     Pappus  e  squamis  distinctis  vel  basi  connatis  aut  ex  aristis  deorsum 
squamiforme  expansis  aut  ex  aristis  et  sqiiamellis  aut  e  corona  dentata 
vel  fimbriata  vel  integra  compositus  aut  omnino  deficiens  b. 
b.    Involucri  squamae  5-6  uniseriales  subaequales  cum  vel  absque  1-3 

squamulis  extimis  multo  brevioribus 10.    Stevia. 

b.    Involucri  squamae  a  saepius  numerosa  2-3c-seriatae  c. 
c.     Pappus  evolutus  e  squamis  aut  distinctis  tenuibus  vel  rare  indurescen- 
tibus  aut  in  cupulam  coroniformem  tenuem  scariosam  dentatam  vel 
integram  connatis  compositus  rarissime  (apud  Agerali  spp.)  obso- 
letus  d. 
d.     Involucri  squamae  valde  inaequales  oc-seriatim  imbricatae  c. 
e.     Pappus  coronam   crateriformem   margine   laciniatam   formans. 

Folia  bipinnatifida.     Bras 11.     Lomatozona. 

e.    Pappus  e   squamulis  brevibus   obovatis   vel   oblongis  obtusis 
compositus/. 
/.     Reeeptaculum   pilosiusculum.     Pappi   paleae   apicem   versus 

denticulatae.     Folia  penninervia.     Bras 12.     Carelia. 

f.     Reeeptaculum  paleaceum.     Pappi  paleae  breviter  fimbriatae. 

Folia  3-nervia.     Mex 13.     Aschenbomia. 

e.    Pappus  ex  aristis  cum  squamulis  altemantibus  aut  ex  aristis  basi 
squamiforme  dilatatis  compositus  g, 
g.    Folia   sessilia   linearia   subintegra.    Herba   annua.    Calif. 

infer. 14.     Malperia. 

g.    Folia  longiuscule  petiolata  dentata  vel  lobata  vel  dissecta. 

Frutices  vel  suflfrutices 15.     Hofmeisteria. 

d,    Involucri  squamae  subaequales  2-3-seriales  cum  vel  absque  squamu- 
lis 1-3  extimis  multo  brevioribus  A. 

h.    Pappi   squamae   distincte    indurescentes.      Folia    verti- 
dUata.    Am.  Bor.  atlant 10.    SderolejM, 
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h.     Pappus    tenuis    non    indurescens.     Folia    opposita    vel 

alterna  i. 

i,    Corollae  tubus  bene  distinctus  subfiliformis  in  fauces 

discrepitante  ampliatas  campanulatas  subito  transicns. 

Folia  subcoriacea.     Suffrutices.    Mex. .  .  17.    Oxplobiis. 

i.    Corollae  tubus  saepissime    brevis,    faucibus  vix  dis- 

tinctis  vel  solum  modice  ampliatis.     Folia  membra- 

nacca 18.      Ageralum. 

c.     Pappus  verus  nullus,  achaeniis  tamen  cum  annulo  sub  corolla  num- 
quam  extra  corollam  orient  i  coronatis^. 
J.    Achaenia  4-5-angulata.     Involucrum  non  foliaoeum  k. 
k.     Achaenia  prismatica  /. 

l.     Herbae  vel  frutices  non  repent<»s 19.     Alotnia. 

I.     Herba  repens.     Columbia 20.     TuheroslyUs. 

L    Frutex.     Caulis    fistulosus   et    maturitate    clathratus.     Mex. 

21.     Jaliscoa. 
k.     Achaenia    compressiuscula.     Frutex,    foliis   altemis   suborbicu- 

laribus  sinuato-lobulatis.     Mex 22.     Oaxacania. 

j.     Achaenia  6-angulata.     Involucri  squamae  exteriores  subfoliaceae. 

Bras 23.     Planalloa. 

a.     Pappus  setosus,   set  is  capillaribus  vel   firmiusculis,   liberis  vel  basi   in 
annulum  coalitis  m. 
m.     Pappi  setae  plumosae  n. 

n.     Achaenia  compressa.     Pappi  setae  brevissimae.     Bras. 

24.     Eupatoriopsis. 
n.    Achaenia  prismatica  o. 
o.     Pappi  setae  firmiusculac  saepissime  breves  non  rite  capillares  p. 
p.    Capitula  sessilia.     Folia  squamiformia  imbricata 

25.     Agrianlhus. 
p.     Capitula  pedicellata.     Folia  cum  lamina  normali 

27.     Trichogoniaf  I 

0.  Pappi  setae  capillares  plumosae  a. 

q.    Corollae  fauces  subcampanulatae  a  tubo  proprio  differentiatae 

27.     Trichogonia. 
q.     Corolla  graciliter  tubulata  sine  faucibus  distinctis  r. 

r.     Folia  alterna.     Frutices  xerophyticae.     Am.  Aust.     occ. 

28.     Hdogyne. 
r.     Folia  opposita.     Herba.     Am.  Bor.  aust.-occ.  et  Mex. 

29.     Carminaiia. 
m.     Pappi  setae  capillares  simplices  laeves  vel  modice  scabratae  s. 

8.    Achaenia  valde  compressa.     Pappi  setae  2.     Mex.    30*    SchaetzeUia. 
8.     Achaenia  prismatica.     Pappi  setae  5-y  t. 

L     Pappi  setae  longitudine  valde  conspicueque  inaequales.'    Am.  Aust. 

31.     Dissolhrix. 

1.  Pappus  uniformis  vel  subaequalis  u. 

u.     Pappi  setae  brevissimae  paucae  longitudine  crassitiem  achaenii 

vix  aequantes 32.     Trichocoronis. 

u.     Pappi  setae  achaenii  longitudinem  subaequantes  v. 
V.     Pappi  setae  caducae  w. 

w.     Involucri  squamae  valde  inaequales  oc  -seriatim  imbricatae. 

Folia  opposita.     Mex 33.     Piptolhrix. 

w.     Involucri  squamae    subacquilongac  ca.    2-3-seriatim    laxe 
imbricatae.     Folia  alterna.     Bras 34.     Leptoclinium 


1  Hie  expeterentur  species  quaedam  adhuc   dubiae  ex  Agerato  ob  pappo 
setiformi  expulsae  et  ad  Trichogoniam  valcJA  approxiumotes, 
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II.    REVISIONS  OF  ALOMIA,  AGERATUM,  AND  OXYLOBUS. 
By  B.  L.  Robinson. 

The  following  treatment  has  been  based  chiefly  upon  an  intensive 
study  of  the  pertinent  material  in  the  Gray  Herbarium,  but  much  aid 
has  been  derived  from  a  series  of  photographs,  taken  at  various  Euro- 
pean herbaria  in  1905  and  1910,  representing  the  types  of  nearly  all 
the  recognized  species  of  Alomia  and  Ageratum  not  originally  described 
from  the  Gray  Herbarium.  There  has  been  no  opportunity  to  test 
the  keys  and  descriptions  by  a  re-examination  of  the  extensive  material 
in  foreign  collections,  but  through  the  kindness  of  Messrs.  Coville 
and  Maxon  the  writer  has  been  permitted  to  borrow  and  study  the 
representation  of  Alomia  and  Ageratum  from  the  National  Museum  at 
Washington,  a  considerable  privilege  for  which  he  would  express  great- 
ful  appreciation.  The  writer  is  also  much  indebted  to  Mr.  John 
Donnell  Smith  for  the  loan  of  Ageratum  and  Alomia  from  his  rich 
personal  herbarium,  and  to  Mr.  A.  B.  Rendle  of  the  British  Museum 
of  Natural  History  for  the  critical  comparison  establishing  beyond 
doubt  the  identity  of  Ageratum  Houstmiianum  Mill.  Miss  M.  A.  Day 
and  Miss  E.  M.  Vincent  of  the  Gray  Herbarium  staff  have  given 
bibliographical  aid. 

It  may  be  said  in  a  general  way  that  the  species  of  these  genera  do 
not  tend  to  serious  intergradation,  except  in  the  case  of  Ageratum 
conyzoidcs  L.  and  A.  latifolium  Cav.  (not  Hemsl.),  where  separation 
though  easily  made  seems  pretty  artificial,  and  on  the  other  hand  the 
several  specif  which  are  closely  allied  to  the  highly  variable  A. 
corymbosum  Zuccag.  and  are  distinguished  chiefly  by  such  characters 
as  leaf-contour,  pubescence,  etc. 

It  must  be  frankly  admitted  that  the  treatment  of  the  South 
American  species  is  very  sketchy,  being  derived  from  wholly  inade- 
quate material.  It  is  highly  probable  that  further  exploration  of  north- 
em  South  America  and  of  Brazil  will  bring  to  light  many  further 
species,  and  perhaps  considerably  modify  our  present  views  as  to  the 
distinctness  of  those  already  known. 

1.    Revision  of  the  Genus  Alomia. 

The  tropical  American  genus  Alomia  is  a  convenient  rather  than  a 
convincingly  natural  group  of  species.     Depending  for  its  separation 
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from  Ageratum  and  Trichogonia  solely  on  the  absence  of  pappus,  the 
genus  may  well  have  a  composite  —  at  least  a  double  —  origm. 
Either  a  Trichogonia,  on  the  loss  of  its  plumose  pappus-bristles  (a 
condition  known  to  occur  in  T,  menthaefolia  and  T,  salviaefolia  Gardn.), 
or  an  Ageratum,  on  the  complete  abortion  of  its  often  obsolescent  scale- 
pappus,  would  become  as  to  technical  characters  an  Alomia,  and  the 
fact  that  the  genus  Alomia,  as  now  circumscribed,  contains  species  of  a 
wide  range  of  habit,  extending  on  the  one  hand  from  the  original  A. 
ageratoides,  with  distinctly  ageratoid  habit,  to  A.  dubia,  on  the  other, 
which  except  for  the  lack  of  pappus  would  certainly  be  placed  in 
Trichogonia,  it  appears  by  no  means  unlikely  that  the  elements  now 
grouped  in  Alomia  may  have  come  in  part  from  an  ageratoid  and  in 
part  from  a  Trichogonia-Mke  ancestry. 

Although  from  these  considerations  Alomia  may  seem  an  artificial 
group,  its  components  certainly  have  close  affinity  and  our  present 
knowledge  does  not  permit  any  improvement  of  the  situation  either 
by  dividing  the  genus  on  trifling  traits  of  habit  or  by  merging  it  bodily 
with  any  of  the  neighboring  genera. 

The  three  species  here  grouped  as  a  new  subgenus,  Geissanthodium, 
possessing  softer  much  imbricated  involucral  scales  (striate  in  the 
manner  of  Brickellia),  form  an  interesting  strain,  a  small  presumably 
natural  group.  After  careful  comparison  of  A,  alata  Hemsl.  and 
Ageratum  callosum  Wats,  it  is  impossible  to  see  any  grounds  for  their 
generic  separation.  Either  Ageratum  callosum  must  be  referred  to 
Alomia  or  the  genus  Alomia  must  be  transferred  to  Ageratum,  The 
close  relationship  of  the  third  species  of  this  subgenus,  the  South 
American  A,  Regnellii  Malme,  although  less  convincing,  seems  highly 
probable  to  judge  from  Malme's  description  and  figures.  Some  spe- 
cious arguments  might  be  advanced  for  the  separation  of  these  three 
species  as  a  new  genus,  but  their  distinctions  from  other  species  of 
Alomia  are  not  strong.  Involucral  characters  in  nearly  related  genera 
are  seen  to  be  highly  inconsistent  and  it  is  to  be  noticed  that  the  im- 
brication of  the  scales  is  by  no  means  so  striking  in  the  Brazilian  A, 
Regnellii  as  in  the  Mexican  species.  Nor  is  the  undifferentiated 
corolla-tube  a  strong  character.  It  seems  best  therefore  to  treat  the 
group  merely  as  a  subgenus. 

Alomia  tenuifolia  (the  genus  Lycapsus  of  Philippi),  a  xerophytic 
shrub  confined  to  a  small  island  off  the  coast  of  Chili,  is  still  ob- 
scure. It  does  not  appear  to  be  represented  in  the  leading  European 
or  North  American  herbaria.  Bentham,  judging  it  merely  by  the 
description  and  crabbed  little  figures  of  Philippi,  placed  it  in  Alomia. 
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This  may  be  its  real  affinity,  but  it  is  to  be  noted  that  Philippi  rejMrc- 
sents  the  style-branches  as  bdng  recoiled  through  more  than  360®. 
This  would  be  highly  exceptional  in  the  Eupatorieae.  Furtharoore, 
the  style-branches  as  shown  in  Philippics  figures  are  unusually  short 
for  the  tribe.  Until  material  of  this  rare  and  local  plant  can  be  ob- 
tained and  subjected  to  further  study  the  species  would  better  be  left 
here,  where  Bentham  placed  it,  but  it  would  seem  almost  as  likely  to 
prove  one  of  the  Helianiheae,  perhaps  near  laocarpha. 

As  explained  elsewhere  in  this  paper,  the  rudimentary  annular 
or  coroniform  "pappus,"  accredited  in  the  past  to  several  species 
hitherto  placed  in  Ageratum,  proves  not  to  be  a  true  pappus,  i.  e.  a 
calycular  structure  exterior  to  the  corolla,  but  only  an  annulus  upon 
which  the  corolla  itself  is  borne  and  which  after  the  disarticulation  and 
fall  of  the  corolla  sometimes  is  sUghtly  accrescent.  These  species, 
destitute  of  a  true  pappus,  must  certainly  be  transferred  to  Alomia 
if  that  genus  b  to  be  kept  distinct  from  Ageratum  and  they  are  so 
treated  in  the  following  revision. 

While  in  nearly  all  of  the  species  concerned  the  presence  or  absence 
of  a  pappus  b  upon  careful  observation  sufficiently  evident  and  con- 
stant to  permit  a  pretty  ready  separation  of  species  into  those  which 
should  be  referred  to  Alomia  on  the  one  hand  and  those  which  would 
better  be  placed  in  Ageratum  on  the  other,  there  are  two  exceptional 
species,  Ageratum  littorale  Gray  and  A,  maritimum  HBK.,  in  which 
the  distinction  breaks  down  absolutely.  Here  the  pappus  may  be 
entirely  wanting,  it  may  consist  of  minute  teeth,  very  short  and  slightly 
exterior  to  the  corolla,  or  finally  it  may  develop  into  a  perfectly  definite 
and  conspicuous  scale-pappus.  These  marked  variations  in  pappus 
occur  in  individuals  of  precisely  similar  habit,  and  so  far  as  can  be 
ascertained  are  accompanied  by  no  concomitant  changes  of  structure. 
This  wide  intra-specific  variation  presents,  of  course,  a  technical 
difficulty  in  delimiting  the  genera  Ageratum  and  Alomia,  However, 
it  is  to  be  remembered  that  calvous  forms  in  normally  pappus-bearing 
Compositae  are  by  no  means  rare  and  must  be  accepted  as  one  of  the 
inherent  difficulties  of  the  group.  It  would  be  highly  artificial  to 
transfer  to  Alomia  the  calvous  forms  of  Ageratum  littorale  and  A, 
maritimum,  nor  does  it  seem*  best  to  unite  with  the  otherwise  consis- 
tently pappus-bearing  genus  Ageratum  the  consistently  calvous  genus 
Alomia  because  in  certain  exceptional  species  an  abortion  of  the  pappus 
occurs  inconstantly,  as  it  does  also  in  Trichogonia  mentkaefolia  Gardn., 
Galea  peduncularis  HBK.,  and  various  other  Compositae  in  which 
the  loss  of  pappus  can  in  no  sense  be  regarded  as  having  generic 
significance. 
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Alomia  was  confused  by  Gardner  with  Piqueria  and  Gymnocoronis, 
but  may  be  readily  distinguished  by  its  apically  appendaged  anthers. 
Orsinia  Bert.,  associated  with  his  Piqueria  §  Eupiqueria  by  Gardner 
in  Hook.  Lond.  Jour.  Bot.  vi.  430  (1847),  and  with  Alomia  by  Baker 
in  Mart.  Fl.  Bras.  vi.  pt.  2,  189  (1876),  and  even  by  Dalla  Torre  & 
Harms,  Gen.  Siph.  526  (1905),  is  a  Clibadium,  as  was  indicated  by 
Bentham,  Gen.  ii.  240  (1873). 

ALOMIA  HBK.  (Nomen  ex  d  privativo  et  Xco/xa,  margo,  de- 
fectionem  pappi  alludens.)  Capitula  homogama  parva  vel  mediocra 
saepe  numerosa  laxe  paniculata  vel  in  apicibus  ramorum  corymbulosa 
20-70-flora;  involucri  campanulati  vel  subturbinati  squamis  vel 
subaequalibus  ca.  2-seriatim  imbricatis  lanceolato-linearibus  saepis- 
sime  acutis  1-3-costatis  firmiusculis  vel  valde  inaequalibus  3-oc-seria- 
tim  imbricatis  tenuioribus  striatulis;  receptaculo  piano  vel  conico 
nudo  vel  plus  minusve  paleifero,  paleis  saepe  angustis.  Corollae  albae 
vel  roseae  vel  purpureae  saepissime  extus  glandulis  subsessilibus 
conspersae  rarius  in  tubo  vel  limbo  hirsutae  vel  tomentosae  rarissime 
glabrae.  Antherae  oblongae  apice  appendiculatae  basi  rotundatae 
haud  rarenter  vix  connatae.  Styli  rami  filiformi-clavellati  purpurei 
vel  flavi  vel  aurei  rectiusculi  vel  leviter  recurvantes  vel  per  exceptionem 
(Subg.  3)  spiraliter  recurvati.  Achaenia  prismatica  5-angularia 
glanduloso-atomifera  vel  hispidula  vel  glabra  fusca  vel  nigrescentia 
basi  callosa  apice  annulo  cartilagineo  vel  carnoso  integerrimo  vel 
angulato  conspicuo  vel  tenuissimo  vel  omnino  obsoleto  coronata; 
pappo  nullo.— Nov.  Gen.  et  Spec.  iv.  151,  312,  t.  354  (1820);  Cass. 
Diet.  Sci.  Nat.  xxvi.  227  (1823);  Less.  Syn.  Comp.  154  (1832);  DC. 
Prod.  V.  105  (1836);  Endl.  Gen.  366  (1838);  Benth.  &  Hook.  f.  Gen.  ii. 
240  (1873);  Pfeiff.  Norn.  i.  116  (1873);  Hoffm.  in  Engl.  &  Prantl, 
Nat.  Pflanzenf.  iv.  Ab.  5,  135  (1890);  Dalla  Torre  &  Harms,  Gen. 
Siph.  526  (1905),  excl.  s>ti.  Orsinia,  Piqueria  sect.  Alomia  (HBK.) 
Gardn.  in  Hook.  Lond.  Jour.  Bot.  vi.  430  (1847),  excl.  spp.  attenuata, 
eupatorioidesy  latifolia,  subcordata;  Walp.  Ann.  i.  393  (1848),  ex  parte. 
Lycapsus  Phil.  Bot.  Zeit.  xxviii.  499,  t.  8  (1870).  Adcnostemma  sect. 
Alomia  Baill.  Hist.  PI.  viii.  131  (1882).—  Herbae  annuae  vel  perennes 
vel  suffrutescentes  rarissime  frutices.  Folia  ovata  vel  rhomboidea  vel 
lanceolata  vel  linearia  pleraque  serrata  vel  dentata  rarius  integriuscula 
rarissime  profunde  pinnatifida.  Inflorescentia  corymbosa  vel  pani- 
culata. Habitus  Agerati  aut  Trichogoniae.  Species  12  quarum  3 
mexicanae,  1  (ulterius  inquirenda)  insulam  chilensem  incolens,  ceterae 
Brasiliam  centrali-meridionalem  habitantes. 
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Clavis  sybgenerum, 

Involucri  squamae  S-oc-seriatim  imbricatae  tenues  striatulae.    Corolla  in 
tubum  proprium  et  fauces  distinctas  non  dififerentiata.    Herbae 

Subg.  1.    Geissanthodium. 
Involucri  squamae  ca.  2-seriatim  (apud  A.  heterolepidem  pluriseriatim)  imbri- 
catae saepius  firmiusculae  l-3-co8tatae.    Corolla  cum  tubo  proprio  graci- 
liore  definito  et  faucibus  plus  minusve  ampliatis. 
Styli  rami  rectiusculi  vel  modice  recurvantes.     Folia  numquam  profunde 

pinnatifida Subg.   2.     Eualomia. 

Styli  rami  spiraliter  recurvati.     Folia  pinnatifida  lobis  linearibus 

Subg.  3.    Lycapsus. 

Subg.  1.  Geissanthodium,  subg.  nov.  (Nomenex  7€t<r<r6»^,  protec- 
turn  sensu  imbricatum,  et  attthodium  i.  e.  involucrum,  ab  kvBwbriSt 
derivatum.)  Involucri  squamae  (more  earum  Brickelliae)  multi- 
seriatim  imbricatae  tenues  virides  aut  purpurascentes  saei>e  tenuiter 
albido-striatae,  exteriores  gradatim  breviores.  CoroIIae  graciliter 
tubulatae,  tubo  proprio  baud  discreto,  faucibus  distinctis  nuilis,  limbo 
brevi  quinquifido.  Styli  rami  filiformi-clavellati  rectiusculi  vel  leviter 
curvati  saepissime  flavi  vel  aurei.  Achaenia  per  coronam  camosam 
albidam  integerrimam  coronata. —  Herbae  nunc  perennes  nunc  veri- 
similiter  annuae  pubescentes.  Folia  longiuscule  petiolata  saltim 
inferiora  opposita  superiora  saepius  alterna.  Species  2  calciphilae 
mexicanae  necnon  1  brasiliana. 

Clavis  specieruM. 

Folia  crenato-serrata.    Species  mexicanae. 
Caulis  glanduloso-puberulus  nee  longius  pilosus.     Petioli  sursum  angustc 

alati.    Folia  late  cordata 1.    A.  alala. 

Caulis  glanduloso-puberulus  et  lanato-pilosus.     Petioli  exalati.    Folia  non 

cordata 2.     A.  caUosa. 

Folia  grosse  inciseque  dentata.    Species  brasiliana 3.    A.  Regnellii. 

1.  A.  ALATA  Hemsl.  herbacea  perennis  gracilis  decumbens  vel 
saepe  a  rupibus  pendula  laxe  ramosa;  caulibus  4-6  dm.  longis  teretibus 
striatulis  tenuissime  glanduloso-puberulis;  foliis  deltoideo-ovatis  late 
cordatis  crenato-serratis  tenuibus  utrinque  viridibus  supra  leviter 
pubescentibus  subtus  praesertim  in  nerviis  venisque  pilosis  2.5-5.5  cm. 
longis  1.5-5  cm.  latis,  petiolis  1-7  cm.  longis  saepissime  apicem  versus 
anguste  alatis;  capitulis  laxe  et  irregulariter  corymboso-paniculatis, 
pedicellis  filiformibus  saepius  brevibus;  involucri  turbinato-campanu- 
lati  squamis  lineari-Ianceolatis  viridibus  vel  purpurascentibus  albido- 
striatulis  apice  attenuatis  extimis  puberulis  ceteris  glabriusculis; 
corollis  3.6  mm.  longis  graciliter  tubulatis  viridescenti-albis  plus  mi- 
nusve atomiferis  limbum  brevissimum  versus  subconstrictis;  achaeniis 
2.2  mm.  longis  basi  callosis  apice  annulo  turgido  camoso  coronatis  a 
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Subg.  2.  Eualomia,  subg.  nov.  Involucri  squamae  (more  Ageraii 
earum)  subaequales  saepissime  firmiusculae  1-3-costatae.  Corollae 
cum  tubo  proprio  saepe  brevi  et  faucibus  plus  minusve  cylindraceb 
munitae.  Styli  rami  filiformes  vel  leviter  clavellati  patente  recur- 
vati  saepius  purpurascentes.  Achaenia  ecoronata  vel  eoronam  tenuem 
cartilagineam  integerrimam  ferentia. —  Herbae  annuae  vel  perennes 
vel  suffnitescentes.  Folia  rhomboideo-ovata  vel  lanceolata  vel  line- 
aria.  Species  9,  quarum  una  mexicana  est  ceterae  Brasiliam  centrali- 
meridionalem  incolunt. 

Clavis  apecierum. 

a,    Receptaculum  paleiferum  b. 
6.    Herbae  annuae  c. 

c.    Folia  anguste  linearia.    Capitula  8  mm.  diametro 4.    A.  PohHi, 

c.    Folia  lanceolata.    Capitula  5  mm.  diametro 6.    A.  folioaa. 

6.    Herbae  perennes  vel  frutices  d. 

d.    Paleae  receptaculi  apice  obtuaiusculae  vel  acutae  saepius  erosae 
vel  pilosae  numouam  induratae  e. 
e.    Folia  lineari-oblanceolata  tenuia  inciso-dentata 

6.    A.  fastigiaia, 
e.    Folia  late  rhomboidea  inciso-dentata  submembranacea 

7.    A.  myriadema. 
e.    Folia  lanceolata  vel  oblonga,  serrata  vel  integra,  coriaoea  /. 

/.    Capitula  6-8-flora 8..    A.  Umgifolia, 

/.    Capitula  ca.  36-flora 9.     A.  heteroiepia, 

d.    Paleae  receptaculi   apice  subulato-attenuatae  plus  minusve  in- 
duratae glabrae  g, 

g,    Caulis  per  fere  totam  longitudinem  foliosus  h. 
h.    Folia  subtus  ^andiilis  numeroaiasimis  crebre  punctata 
cum  pilis  sparsissimis  vel  nuUis  munita  i. 
t.     Involucri  st^uamae  costatae  j. 
j.    Involucri  squamae  glanduloso-atomiferae  aliter  glar 
brae  lineares  ngidiusculae.    Folia  lanceolata 

10.    A.  microcephala, 

j.    Involucri  squamae  fere  eglandulosae  sed  sub  lente 

conffl)icue  pubescentes  et  dliatae  lanoeolatae.    Folia 

fere  linearia 11.    A.  guatemalensia, 

i.    Involucri  squamae  planae  latiusculae  ovatae  ecostatae 

12.     A.  platylejpis, 

h.    Folia  subtus  velutino-pilosa 13.    A,  iaocarphaides. 

g.    Caulis  supeme  nudiusculus.    Folia  subtus  pilosa 

14.    A,  echioides, 
a.    Receptaculum  nudum  A;. 

k.    Folia  ansusta,  linearia  vel  lanceolata  vel  oblanceolata  L 
I.    Capitula  30-35-flora.     Folia  sublinearia.     Pedicelli  breves  (3-4  mm. 

lon^).     Corolla  ca.  2  mm.  lonea 15.    A.  cinerea, 

I.    Capitula  ca.  65-flora.     Folia  oblanceolata.     Pedicelli  6-8  nam.  lon^^. 

Corolla  ca.  4  mm.  longa 16.    A.  dvbia, 

k.     Folia  latiora,  cordato-  vel  rhomboideo-ovata  m. 

m.    Capitula  laxe  scorpioideo-cymosa  patentim  paniculata.     Mex. 

17.  A.  ageratoides. 
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Hook.  Lond.  Jour.  Bot.  v.  457  (1846);  Walp.  Rep.  vi.  703  (1847). 
Piqueria  foliosa  Gardn.  1.  c.  vi.  432  (1847).  Emmallocalyx  chamaedri- 
foliiuf  Pohl  ex  Bak.  1.  c.  (1876). —  Brasilia:  prov.  Minas  Geraes  ad 
ripas  inundatas  fluminis  Urucuyae  prope  Swi  Romao,  Gardner,  n. 
4838;  sine  loco  indicato,  Claussen,  Pohl,  n.  669  (hb.  Berol.,  phot,  et 
fragm.  in  hb.  Gray.);  prov.  Bahia  ad  Utinga,  Blanchet,  n.  2754,  fide 
Bak.  1.  c. 

6.  A.  FASTiGiATA  (Gardn.)  Benth.,  suffruticosa  fastigiatim  ramosa 
4-9  dm.  alta  foHosissima;  ramis  gracilibus  teretibus  paUide  brunnes- 
centibus  crispe  puberulis  vel  glabriuscuHs;  foliis  oblanceolatis  vel 
lineari-lanceolatis  incise  serratis  vel  integriusculis  basi  attenuatis 
apice  acutatis  vel  attenuatis  utrinque  viridibus  subtus  vix  palUdiori- 
bus  puncticulatis  2-8  cm.  longis  4-8  mm.  latis  saepius  altemis  et 
fasciculatis;  capituUs  parvis  20-40-flori8  3.5  mm.  diametro  subdense 
corymbosis;  involucri  campanulati  squamis  lanceolatis  viridibus 
pilosiusculis;  receptaculo  convexo  vel  planiusculo  cum  paleis  oblongis 
paucis  instructo;  coroHis  albis  (Gardner)  vel  rubris  (Baker)  vel  lilaceis 
(Ktze.)  1.6  mm.  longis,  tubo  proprio  granuloso  fauces  cylindratas 
glabras  subaequante;  achaeniis  graciliter  prismaticis  glabris  acutan- 
gularibus  1.4  mm.  longis. —  Benth.  ex  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2, 
192  (1876).  Isocarpha  fastigiata  Gardn.  in  Hook.  Lond.  Jour.  Bot. 
V.  455  (1846).  Piqueria  fastigiata  Gardn.  1.  c.  vi.  431  (1847).  P. 
polyphylla  Sch.  Bip.  ex  Bak.  1.  c.  191  (1876).  Alomia  polyphylla  (Sch. 
Bip.)  Bak.  1.  c.  (1876).  Coelestina  linearifolia  Sch.  Bip.  ex  Bak.  1.  c. 
(1876). —  Brasilia:  prov.  Minas  Geraes  in  regione  Adamantium, 
locis  humidis,  Gardner,  n.  4837  (hb.  Kew.,  phot,  in  hb.  Gray.) ;  Con- 
tendas,  Kuntze  (hb.  U.  S.  Nat.  Mus.);  in  eadem  provincia,  Riedel, 
n.  711,  Pohl,  n.  371,  Sella,  nn.  120, 122;  in  Brasilia  australi  locis  exactis 
non  datis,  Pohl,  n.  535,  Riedel,  n.  959,  Beyrich;  prov.  Rio  de  Janeiro, 
Brunei,  n.  24  (hb.  U.  S.  Nat.  Mus.) , Tijuca,  i>tm(/ (hb.  Ha vn.,  fragm. 
in  hb.  Gray.),  He,  n.  3904  (hb.  Berol.). 

NoTA. —  A.  polyphylla  (Sch.  Bip.)  Bak.  ob  foliis  angustioribus  subintegriB 
separata  videtur  solum  forma  inconstans  nullo  modo  subtiliter  disjungenda. 

7.  A.  MYRiADENiA  (Sch.  Bip.)  Bak.,  suffruticosa  erecta  ascendente 
ramea;  caule  tereti  brunneo  glabra  to  folioso;  ramulis  brevissime  griseo- 
puberulis  et  cum  glandulis  subsessilibus  conspersis;  foliis  rhomboideis 
oppositis  vel  ramealibus  alternis  graciliter  petiolatis  tenuibus  acumi- 
natis  incise  irregulariterque  serratis  basi  cuneata  subintegris  juventa- 
te  plus  minus ve  pilosiusculis  maturitate  glabratis;  capitulis  in  corymbis 
parvis  subcongestis  dispositis  ca.  35-floris;  involucri  campanulati 
squamis  subaequilongis  obovati-oblongis  herbaceis  4  mm.  longis  apice 
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10.  A.  microcephala  (Hemsl.),  comb,  nov.,  herba  perennis;  ramis 
virgatis  teretibus  glabris;  foliis  oppositis  late  lanceolatis  vel  ovato- 
lanceolatis  serratis  3-nerviis  5-14  cm.  longis  2-4  cm.  latis  firmiusculis 
apice  basique  acuminatis  supra  viridibus  scabridis  vel  laevibus  subtus 
pallidioribus  cum  glandulis  minutis  flavis  densissime  punctatis  omnino 
epilosis;  corymbis  terminalibus  multicapitulatis  densis  convexis; 
capitulis  ca.  6  mm.  diametro;  involucri  campanulati  viridis  squamis 
lanceolatis  attenuatis  saepissime  2-costatis  glabriusculis  vel  parce 
glanduloso-atomiferis;  paleis  apice  indurato^subulatis  glabris;  corollls 
glanduloso-atomiferis,  tubo  profmo  fauces  subaequante;  achaeniis 
glabris  acute  5-angulatis. —  Ageratum  microcephalum  Hemsl.  Biol. 
Cent.-Am.  Bot.  ii.  82,  t.  43,  ff.  1-5  (1881).  Carelia  microcephala 
(Hemsl.)  Ktze.  Rev.  Gen.  i.  325  (1891). —  Mexico:  Oaxaca  in  agris  et 
silvis,  alt.  2135  m.,  GaleoUi,  n.  2098  (hb.  Kew.,  phot,  in  hb.  Gray.); 
prope  Choapam,  alt.  1170-1380  m.,  E.  W.  NeUan,  n.  858  (hb.  U.  S. 
Nat.  Mus.,  fragm.  et  icon.  simpHci  in  hb.  Gray.). 

11.  A.  iruatexnalentis,  spec,  no  v.,  herbacea  perennis  ereeta  3 
dm.  vel  ultra  alta;  caulibus  teretibus  brunneo-iHipureis  gracilibus 
virgatis  supeme  crispe  griseo-puberulis  basin  versus  glabratis;  inter- 
nodiis  perlongis  (7-13  cm.)  folia  superantibus;  foliis  oppositis  lanceo- 
lato-linearibus  remote  serratis  vel  integriuscuHs  3-nerviis  utrinque 
obscure  et  tenuissime  pilosis  subtus  jflavido-viridibus  glanduloso- 
punctatis  5-8  cm.  longis  4-7  mm.  latis  longe  attenuatis  basi  acutis 
breviter  petiolatis;  corymbis  terminalibus  longipedunculatis;  densis 
10-20-capitulatis  saepius  subglobosis,  pedicellis  ca.  3  mm.  longis  to- 
mentellis;  capitulis  5  mm.  altis  6  mm.  diametro  ca.  80-floris;  involucri 
campanulati  squamis  subaequalibus  oblongo-  vel  lineari-lanceolatb 
acutis  ciliolatis  dorso  2-costatis  pilosiusculis;  receptaculo  eonico 
ubique  paleifero;  paleis  angustis  apice  subulato-acutis  pallidis  corollas 
subaequantibus;  corollis  3.2  mm.  longis  glabris,  tubo  proprio  fauces 
paullo  vel  modice  ampliatas  aequanti;  achaeniis  nigrescentibus  glabris 
lucidis  acute  angularibus  basi  callosis  apice  cum  annulo  cartilagiaeo 
humillimo  obscure  angulato  coronatis. —  Ageratum  salicifolium  Coult. 
in  J.  D.  Sm.  Enum.  PI.  Guat.  iv.  72  (1895),  non  Hemsl. —  Guatemala: 
Canch6n,  Depart.  Santa  Rosa,  alt.  610  m.,  Oct.  1894,  Heyde  A  Lux, 
n.  6153  a  cl.  J.  D.  Smithio  distributa  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus., 
hb.  J.  D.  Sm.). 

12.  A.  platylepis,  spec,  nov.,  verisimiliter  herbacea  perennis; 
caule  tereti  primo  puberulo  maturitate  glabrato  purpureo  folioso;  fo- 
Kis  majusculis  oppositis  breviter  petiolatis  ovato-lanceolatis  caudato- 
attenuatis  subremote  serratis  basi  rotundatis  vel  acutatis  utrinque 
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glabris  viridibus  subtus  vix  pallidioribus  minute  glanduloso-punctatis 
7-10  cm.  longis  2.5-3.8  cm.  latis  supra  basin  3-nerviis;  corymbis  in 
ramis  terminalibus  densis  pauci(5-S)-capitulatis  longiuscule  peduncu- 
latis;  bracteolis  parce  pubescentibus  linearibus;  pedicellis  3-5  mm.  lon- 
gis rectis;  capitulis  pro  genere  majusculis  7-9  mm.  diametro;  invol- 
ucri  turbinato-campanulati  squamis  ovati-  vel  obovati-oblongis  planis 
ecostatis  acutis  erosis  pallidis  subaequalibus  (extimis  paucis  multo 
angustioribus  exceptis) ;  receptaculo  undique  paleifero;  paleis  corollas 
subaequantibus  apice  subulatis  pallidis  induratis;  corollis  2.2  mm. 
longis  glabris  limbum  versus  caenileo-purpureis,  tubo  proprio  faucibus 
paullo  ampliatis  longiore;  achaeniis  nigris  glabris  5-angularibus  saepe 
arcuatis  basi  callosis  apice  cum  annulo  parvo  albido  subintegro  coro- 
natis. —  Guatemala:  prope  Nenton,  alt.  900-1225  m.,  13  Dec.  1895, 
E,  W.  Nelson,  n.  3528  (hb.  Gray.,  sub  nomine  Isocarpha  echioides 
distributa). 

13.  A.  itocarphoidet  (DC),  comb,  nov.,  suffruticosa;  caule  tereti 
hispido-pubescenti  usque  ad  inflorescentiam  terminalem  compositam 
foliato;  foliis  oppositis  3-nerviis  lanceolatis  integriusculis  vel  crenato- 
dentatis  subsessilibus  supra  scabridis  subtus  velutino-villosis  acumina- 
tis  basi  cuneato-angustatis;  inflorescentia  oppositi-ramea;  capitulis 
ca.  25-floris  in  corymbis  densb  dispositis. —  Coelestina  iaocarphoides 
DC.  Prod.  V.  107  (1836),  incl.  /8  dentata.  Ageratum  isocarphoides 
(DC.)  Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  82  (1881).  Carelia  isocar- 
phodes  [DC]  Ktze.  Rev.  Gen.  i.  325  (1891).— Mexico,  sine  loci 
indicio  accuratiori,  Haenke  (hb.  DC,  phot,  in  hb.  Gray.);  in  cultis 
prope  Orizabam,  Botteri  &  Sumicrastf  n.  524  (hb.  Gray.,  immatura  et 
dubitativa).     Species  minus  cognita,  an  cum  sequenti  conjungenda? 

14.  A.  echioides  (Less.),  comb,  nov.,  herbacea  perennis;  radice 
fibrosa;  caulibus  solitariis  vel  paucis  virgatis  suberectis  simplicibus 
vel  rariter  ramosis  saepius  ad  mediam  partem  solum  foliosis  hirsuto- 
villosis;  foliis  lanceolati-oblongis  3-costatis  serrato-dentatis  vel  saepius 
integriusculis  basi  cuneatis  apice  gradatim  angustatis  sed  vix  vero 
acutis  2.5-9  cm.  longis  8^18  mm.  latis  utrinque  villoso-hirsutis  subtus 
paullo  pallidioribus  glanduloso-punctatis;  corymbis  terminalibus 
saepius  densis  rarius  trichotomis  et  laxioribus;  bracteis  parvis  lineari- 
bus; capitulis  7  mm.  diametro  ca.  50-floris;  involucri  campanulati 
squamis  lanceolato-oblongis  viridibus  vel  purpurascentibus  ciliolatis 
saepius  2-costatis  apicem  versus  subinduratis  pallidioribus;  recep- 
taculo valde  elevato  subcylindrato-conico  undique  paleifero;  corollis 
subcylindricis  sparse  pubescentibus  3  mm.  longis  caeruleo-purpureis, 
tubo  proprio  fauces  vix  ampliatas  fere  aequante;    achaeniis  nigris 
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argute  5-angulatis  glabris  lucidulis  ca.  2  mm.  longis. —  Isocarpha 
echiaides  Less.  Liimaea,  v.  141,  t.  2,  ff.  14-16  (1830);  DC.  Prod.  v.  107 
(1836);  Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  167  (1881).  Ageratum  echi- 
oides  (Less.)  Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  81  (1881).  Carelia 
echiodes  [Less.]  Ktze.  Rev.  Gen.  i.  325  (1891). —  Mexico:  Vera  Cruz, 
in  graminosis  prope  Hacienda  de  la  Laguna,  Schiede,  n.  304  (hb.  BeroL, 
icon,  simplici  et  fragm.  in  hb.  Gray.) ;  prope  Mirador,  Sariorius  (hb. 
Gray.),  Liebmann,  n.  143  (f.  Hemsl.  1.  c),  n.  144  (hb.  Havn.);  Linden 
n.  1156  (f.  Hemsl.  1.  c);  Jalapa,  alt.  915  m.,  GaleoUi,  n.  2200;  Orizaba, 
BoUeri,  n.  623  (hb.  Gray.),  Mvller,  n.  1129  (f.  Hemsl.  1.  c),  Bourgeau, 
n.  2393  (hb.  Gray.),  SdU  (f.  Hemsl.  1.  c),  Thomas  (hb.  Gray.);  Es- 
camella,  Bourgeau,  n.  3207  (hb.  Gray.);  Zacuapan,  Purpus,  n.  2199 
(hb.  Gray.,  hb.  U.  S.  Nat.  Mus.). 

15.  A.  ciNEREA  (Gardn.)  Benth.,  suffruticosa  griseo-puberula; 
caulibus  pluribus  teretibus  striatis  glanduloso-tomenteUis  fohosis 
altemi-rameis  apicem  versus  corymboso-ramosis;  foliis  altemis  saepe 
fasciculatis  patentibus  hnearibus  4-7.5  cm.  longis  3-6  mm.  latis  ob- 
scure crenulatis  apice  rotundatis  basi  angustissimis  sessilibus  utrin- 
que  griseo-tomentellis;  capitulis  ca.  35-floris  breviter  pedicellatis 
modice  numerosis;  involucri  campanulati  4  nun.  diametri  squamis 
subaequalibus  anguste  lanceolati-oblongis  obtusis  dorso  glanduloso- 
puberulis  apicem  versus  longius  cihatis;  corollis  roseis  extus  dense 
hirsutis  ca.  2  mm.  longis  in  fauces  ampliatis;  achaeniis  prismaticis 
5-angularibus  nigrescentibus  glabris  calvis  basi  callo  conspicuo  muni- 
tis.— Benth.  ex  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2,  191  (1876).  Pi- 
queria  cinerea  Gardn.  in  Hook.  Lond.  Jour.  Bot.  vi.  432  (1847). — 
Brasiua:  prov.  Goyaz,  in  campis  siccatis  altis  prope  Villam  de 
Arrayas,  Gardner,  n.  3810  (hb.  Kew.,  phot,  in  hb.  Gray.). 

16.  A.  DUBiA  Robinson,  herbacea  perennis  glandulari-tomentosa 
4-7  dm.  alta;  caudice  erecto;  caulibus  teretibus  striatuUs  foliosissimis 
usque  ad  inflorescentiam  cordon bosam  simpUcissimis;  foliis  (infimis 
caducis  suboppositis  exceptis)  altemis  oblanceolatis  2-3  cm.  longis 
5-9  mm.  latis  obtusis  basin  versus  attenuatis  vix  petiolatis  supra 
rugulosis  subtus  reticulatis  utrinque  sed  praesertim  in  pagina  inferiori 
glandulari-granulosis  et  sordide  pubescentibus;  capitulis  ca.  1  cm. 
diametro  65-floris  in  corymbis  laxis  dispositis;  involucri  campanulati 
squamis  sub-biserialibus  herbaceis  lanceolato-linearibus  dorso  dense 
glanduloso-pulverulis  et  apicem  attenuatam  versus  plus  minusve 
lanato-pilosis;  corollis  roseis  4  mm.  longis  tubo  proprio  graciU  extus 
glanduloso-hirtello,  faucibus  turbinato-campanulatis,  limbo  purpur- 
ascenti-tomentello;     achaeniis    nigris    5-angularibus    glabris    basin 
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locis  saxosis  silvarum  umbrosarum,  prope  Villam  de  Arrayas,  Gardbter, 
n.  3809  (hb.  Kew.,  phot,  in  hb.  Gray.) ;  prov.  Minas  Geraes,  ad  Lagoa 
Santa,  Warming  f .  Bak.  I.  c. 

Nota. —  Folia  usque  adhuc  ab  auctore  observata  leviter  vel  modice  dentato- 
lobata  Punt  sed  numquam  profunde  pinnatifida  ut  a  cl.  Bakero,  1.  c,  descripta. 
SpecimeD  typicum  est  Gardneri  n.  3809  nee  ut  in  Fl.  Bras.  3089  datum. 

19.  A.  Wendlandii  (Sch.  Bip.),  comb,  nov.,  perennis  3  din.  vel 
ultra  altitudine;  caule  tereti  viridi  striatulo  pubescenti;  intemodiis 
paucis  elongatis  ca.  1  dm.  longitudine;  foliis  oppositis  ovatis  tenuibus 
argute  serratis  ca.  6  cm.  longis  ca.  4  cm.  latis  apice  acuminatis  basi 
obtusiusculis  supra  tenuiter  pubescentibus  subtus  pauUo  pallidioribus 
molliter  griseo-  vel  cinereo-tomentosis;  petiolo  gracili  1-2.8  cm.  longo 
dense  pubescenti;  corymbis  longiuscule  peduncidatis  trichotomis 
planiusculis  densis  multicapitulatis  ca.  5  cm.  diametro;  bracteis  fili- 
formibus;  pedicellis  filiformibus  2-8  mm.  longis;  capitulis  erectis 
60-70-floris  6-6.5  mm.  altis  6  mm.  diametro;  involucri  ovoideo- 
turbinati  squamis  oblanceolatis  attenuatis  sub-biseriatim  imbricatis 
subaequalibus  saepius  2-costatis  dorso  griseo-puberulis  et  cum  glandu- 
lis  minutis  obscure  nigro-pimctatis;  corollis  saltim  limbum  versus 
caeruleis  2.7  mm.  longis,  tubo  proprio  glanduloso-hispidulo,  faucibus 
subaequilongis  parce  glanduloso-atomiferis;  achaeniis  nigrescentibus 
acute  5-angulatis  1.6  mm.  longis  saepius  curvatis  apice  cum  annulo 
integro  cartilagineo  coronatis  basi  callosis. —  Phalacraea  Wendlandii 
Sch.  Bip.  ex  Klatt,  Leopoldina,  xx.  74  (1884),  in  s>Tion.  et  sine  char. 
'^Ageratum  Wendlandii  Hort.  ex  Vilm.Fl.  de  pi.  terre,  Suppl.  2  (1884).— 
Mexico:  ad  "Gualulu"  verisimiliter  lapsu  pennae  pro  Guatulco  (seu 
Huatulco)  in  civitate  Oaxaca,  Liebmann,  n.  147  (hb.  Havn.,  fragm.  in 
hb.  Gray.) ;  Etzatlan  in  civitate  Jalisco,  Pringle,  n.  11,819  (hb.  Gray.). 

Nota. —  Ageralum  Wendlandii  Hort.  hue  dubitanter  locatum  variat  flosculis 
albis  f .  Vilm.  1.  c. 

20.  A.  microcarpa  (Benth.),  comb,  nov.,  herbacea  annua  erecta 
vel  decumbens  undique  molliter  pilosa  3-6  dm.  alta;  radice  fibrosa; 
cauHbus  teretibus  saepius  flexuosis  medullosis  usque  ad  inflorescentiam 
foliatis  viridibus  vel  purpureis;  foliis  oppositis  petiolatis  deltoideo- 
ovatis  saepius  cordatis  vel  subcordatis  3-6  cm.  longis  2^  cm.  latis 
crenato-serratis  obtusis  \'el  vix  acutiusculis  membranaceis  subcon- 
coloribus  utrinque  pilosis;  petiolo  8-18  mm.  longo  saepius  hirsuto; 
corymbis  terminalibus  et  ex  axillis  superioribus  oriuntibus  densis 
multicapitulatis;  capitulis  ca.  60-floris;  involucri  campanulati  squa- 
mis anguste  lanceolatis  saepius  2-costatb  attenuatis  viridibus  plus 
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minusve  pilosis;  corollis  limbum  versus  caenileo-purpureis,  tubo  pro- 
prio  gracili  glanduloso-atomifero  fauces  eylindratas  glabras  distincte 
ampliatas  fere  aequanti;  achaeniis  nigris  glabris  argute  5-anguIatis 
prismaticis  1.1  mm.  longis. —  Coelestina  microcarpa  Benth.  ex  Oerst. 
Vidensk.  Meddel.  1852,  p.  72  (1852).  Ageraium  microcarpum  (Benth.) 
Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  82  (1881). —  Costa  Rica:  in  grami- 
nosis,  etc.,  Cartago,  Oersted,  nn.  241,  247,  248  (omnia  in  hb.  Kew., 
phot,  in  hb.  Gray.) ;  in  pascuis  ad  G^n^ral,  Pittier,  n.  3415  (hb.  Gray.) ; 
Turrialba  in  pascuis,  alt.  1200  m.,  Pittier,  n.  4139  (hb.  Gray.);  Agua- 
caliente  secundum  viam  ferriam,  alt.  1300  m.,  Pittier,  n.  2390  (hb. 
Gray.,  hb.  J.  D.  Sm.);  Poaz,  alt.  2200  m.,  Tonduz,  n.  10,816  (hb. 
Gray.) ;  in  sepis  secundum  vias,  San  Jos^,  Tonduz,  n.  7281  (hb.  Gray., 
hb.  J.  D.  Sm.);  in  terris  cultis  et  incultis,  San  Jos^,  alt.  1135  m., 
Pittier,  n.  3533  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.);  in 
pascuis,  San  Francisco  de  Guadeloupe,  alt.  1170  m.,  Tonduz,  n.  8479 
(hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.);  in  agro  ad  Juan  Vinas,  alt.  1000 
m..  Cook  &  Doyle,  n.  277  (hb.  U.  S.  Nat.  Mus.).  Venezuela:  ad 
Caracas,  Linden,  n.  349  (hb.  Kew.),  forma  dubia  parvifolia. 

Subg.  3.  Lycapsus  (Phil.),  subg.  nov.  Involucri  squamae  6-8 
subuniseriales  subaequales  angustae  herbaceae  enerviae.  Receptacu- 
lum  paleaceum.  Corollae  fauces  distincte  ampliatae.  Styli  rami  pro 
tribu  breviusculi  valde  spiraliter  recurvati. —  Lycapsus  Phil.  Bot. 
Zeit.  xxviii.  499,  t.  8 A  (1870). —  Frutex  xerophyticus.  Folia  altema 
pinnatipartita.     Species  1  chilensis. 

21.  A.  TENUiFOLiA  (Phil.)  Benth.  &  Hook,  f.,  fruticosa  ramosa 
glaberrima;  foliis  alternis  crassiusculis  pinnatipartitis,  rhachi  laciniis- 
que  filiformibus;  petiolo  ca.  17  fnm.  longo  rhachin  subaequanti, 
laciniis  utrinque  3-4  oppositis  vel  alternis  usque  ad  9  mm.  longis  1.3 
mm.  crassis;  capitulis  corymbosis  pedicellatis;  bracteolis  1-2  lineari- 
setaceis  3-4  mm.  longis;  involucri  hemisphaerici  squamis  3  mm.  longis 
lanceolati-linearibus  herbaceis  subaequalibus  vix  imbricatis  corollas 
aequantibus;  corollis  verisimiliter  albis;  tubo  proprio  glandularis 
atomifero  fauces  glabras  eylindratas  aequanti;  limbi  dentibus  5 
patentim  recurvatis;  achaeniis  2  mm.  longis  granulosis  deorsum 
decrescentibus. —  Benth.  &  Hook.  f.  Gen.  ii.  240  (1873),  sine  combina- 
tione  definitiva  sed  ex  Reicheo,  Fl.  de  Chil.  iii.  260,  (1901).— Chili: 
in  insula  San  Ambrosio. 

NoTA. —  Haec  planta  minime  cognita  a  navarcho  irmominato  navis  bellicae 
chilensis  in  petaso  suo  collecta  fide  cl.  Philippii  (1.  c.  501)  in  insula  San  Am- 
brosio inveniebatur,  nee  ut  dicit  cl.  Reiche  (1.  c.)  in  insula  San  Felix. 
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Species  rediida  vel  exclusa, 

A,  Armani  (Balbis)  Bak.  in  Mart.  FI.  Bras.  vi.  pt.  2,  191  (1876). 

Eupatorium  Armani  Balbis,  PL  Rar.  Hort.  Turin,  1810,  p.  27, 

t.  6  (1810).     Ordnia  Eupaioria  DC.  Prod.  v.  104  (1836).     Pi- 

queria  Eupatorium  (DC.)  Gardn.  in  Hook.  Lond.  Jour.  Bot.  vi. 

430  (1847).     Clibadium  rotundifolium  DC.  Prod.  v.  505  (1836); 

Bak.  I.  c.  vi.  pt.  3, 152  (1884),  ubi  syn.  alia.  =  Clibadium  Armani 

(Balbis)  Sch.  Bip.  ex  Bak.  1.  c.  (1884). 
A,  polyphyUa  (Sch.  Bip.)  Bak.  =  A.  fastigiata  (Gardn.)  Benth. 
A,  spilanthoides  D.  Don  ex  Hook.  &  Am.  Comp.  Bot.  Mag.  i.  238 

(1835)  =  Gymnocoronis  spilanthoides  (D.  Don)  DC.  Prod. 

vii.  266  (1838). 

2.    Revision  of  the  Genus  Ageratum. 

The  genus  Ageratum  L.  has  not  been  subjected  to  any  general  revi- 
sion since  its  treatment  in  DeCandoUe's  Prodromus  in  1836.  For 
many  years  it  has  been  made  to  include  plants  of  a  considerable  range 
of  habit  and,  what  is  more  noteworthy,  though  chiefly  defined  by  its 
pappus,  has  been  allowed  to  contain  species  of  widely  divergent 
character  in  just  this  matter.  While  the  more  typical  species  have  a. 
pappus  of  five  distinct  scales,  others  have  a  cup-like  crown  of  very 
short  and  connate  scales;  still  others  have  been  admitted  into  the 
genus  which  instead  of  scales  of  definite  number  have  short  or  long, 
slender  or  slightly  thickened,  smooth  or  plumose  bristles  of  indefinite 
number  ranging  from  8  to  20  or  more.  Finally  certain  species  have 
been  included  from  similarity  of  habit  which  possess  no  true  pappus 
whatever  but  merely  a  sort  of  annulus  beneath  rather  than  exterior 
to  the  corolla. 

To  render  the  genus  properly  natural  and  compact,  as  well  as  to 
permit  its  more  precise  definition,  it  seems  best  to  refer  to  Alomia  the 
species  destitute  of  pappus,  and  to  exclude  also  those  species  which 
have  a  bristle  pappus.  The  latter  group  consists  of  six  South  Ameri- 
can species,  namely  A.  Agrianthus  Hoffm.  {Agrianthus  corymbosus^ 
DC),  A.  altemifQlium  (Gardn.)  Bak.,  A.  campuloclinioides  Bak.,  A. 
confertum  (Gardn.)  Benth.,  A,  melissaefolium  DC,  and  A,  Pohlianum 
Bak.  At  first,  it  seemed  likely  that  these  species  could  be  appropri- 
ately separated  as  a  distinct  genus.  Schultz-Bipontinus  seems  to* 
have  planned  such  a  segregation  in  his  undescribed  Melissopsis,  The 
species,  however,  differ  much  among  themselves,  both  as  to  habit 
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Antherae  oblongae  vel  Hneares  apice  cum  app>endieem  membranaceam 
ovatam  vel  oblongam  munitae  basi  rotundatae.  Achaenia  o-angulata 
prismatica  vel  deorsum  paullo  decrescentia.  Pappus  e  squamis 
apice  setiferis  vel  muticis  distinctis  vel  basi  coimatis  vel  in  coronam 
craterifonnem  integram  vel  dentatam  compositus. —  Sp.  PL  ii.  839 
(1753) ;  DC.  Prod.  v.  108  (1836) ;  Benth.  &  Hook.  f.  Gen.  ii.  241  (1873) , 
excl.  syn.  Decachaeta  et  Oxylohus;  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2, 
193  (1876),  pro  parte;  Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  80  (1881),  pro 
parte  majori;  Gray,  Syn.  Fl.  i.  pt.  2,  93  (1884);  Hoffm.  in  Engl.  & 
Prantl.  Nat.  Pflanzenf.  iv.  Ab.  5, 137(1890),  excl.  syn.  Oxylobus;  Dalla 
Torre  &  Harms,  Gen.  Siph.  527  (1905),  excl.  syn.  Oxyiobus,  Melusopsis, 
Decachaeta.  Carelia  Adans.  Fam.  ii.  123*  (1763);  Ktze.  Rev.  Gen.  i. 
325  (1891).  Coelestina Cass.  Bull.  Soc.  Philom.  Par.  1817,  p.  10(1817) ; 
DC.  Prod.  V.  107  (1836),  partim.  Coelestina  Cass.  Diet.  Sci.  Nat.  \± 
suppl.  8,  t.  93  (1817). —  Herbae  annuae  vel  perennes  vel  suffrutices 
vel  frutices.  Folia  saepius  opposita  rariter  altema  saepissime  ovata 
vel  lanceolata  crenata  vel  serrata  rariter  integra  sessilia  vel  petiolata 
saepe  glandulari-punctata.  Inflorescentia  plerumque  terminalis  co- 
rymbosa  vel  cymosa  saepius  composita. 

Genus  extraneis  expurgatis  e  speciebus  27  sistens  quarum  19  re- 
gionem  mexicano-centrali-americanam  incolunt,  aliae  inter  Floridam 
australem  et  insulas  Indiae  Ckxiidentalis  et  Americam  AustnJem  call- 
diorem  distributae,  ima  africana,  una  in  terns  calidioribus  latissime 
dispersa. 

Sect.  I.  EuAGERATUM  DC.  Pappi  squamae  omnino  distinctae  vel 
imo  paullulo  connatae  nunc  longae  et  apice  setiferae  coroUam  subae- 
quantes  nimc  mutices  corolla  multo  breviores  rariter  (apud  A.  mari- 
timi  et  A.  littoralis  formas  nonnullas)  omnino  desunt. —  Prod.  v.  108 
(1836).  Ageratum  verum  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2, 194  (1876), 
pro  parte. —  Species  13  pleraeque  herbaceae  saepius  annuae. 

Clavis  spederum. 

a.    Caulis  procumbens  vel  prostratus  repens  b. 

b.    Folia  parva  suborbiculaha  profunde  crenata.     Capitula  solitaria 

1.     A.  domingen^e, 
b.     Folia  majora  lanceolata  subintegra.     Capitula  cymosa  2.     A.  radicans. 
a.    Caulis  erectus  vel  plus  minusve  decumbens  c. 
c.     Folia  sessilia  integra  d. 

d.     Folia  subtus  griseo-incana.     Afr 3.     A.  polyphylluvt. 

d.     Folia  subtus  glabra  viridia.     Am.  Cent 4.     A.  Peckii, 

c.     Folia  petiolata  crenata  vel  dentata  e. 

e.    Pappi    paleae   omnes   vel   nonnullae   apice   setiferae    coroUam 
aequantes/. 
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/.    Capitula  subcongestim  cymoso-corymbosa  g, 
g.    Decumbens  supeme  nudum.     Sp.  maritima 

13.    A.  littorale,  f.  aeUgerum. 

g,    Erectum  vel  suberectum  saepius  usque  ad  inflorescentiam 

foliosum  h. 

h.    Aimuurn.     Pars   pappi   palearum   squamiforme  dilatata 

setam  fere  aequans  i. 

t.     Involucri   squamae   lanceolato-lineares   integrae    ciKo- 

latae  longe  in  apicem  peracutam  attenuatae  saepius 

coloratae  dorso  humitae 5.    A.  Houstonianum, 

i.  Involucri  squamae  oblongae  subabrupte  acuminatae 
ciliatae  saepius  margine  plus  minusve  dentatae  vel 
erosae  dorso  parce  pubescentes  vel  glabriusculae 

6.    A.  conyzoides. 
h.    Suffruticosum.     Pars  pappi  palearum  squamiforme  dila- 
tata quam  seta  trii)lo  brevior 7.    A.  auffruiicosum. 

f.    Inflorescentia  laxa;    capitulis  onmibus  longiuscule  (1-4  cm.) 

pedicellatis 8.    A.  Gaumeri. 

e,    Pappi  paleae  omnes  muticae  corollae  tertiam  partem  longitudine 
vix  aequantes  7*. 
j.    Erectum   vel   suberectum.     Folia  2-8   cm.   longa.     Sp.   non 
mantimae  k. 
k.    Perenne.     Folia  serrata  longe  attenuata  acuta.     Guatemala 

9.    A.  rugoaum, 
k,    Perenne.     Folia    crenata    obtusa    vel    obtuse    aciuninata. 
Petiolo  obcompressi  late  planiusculi.     Caulis  paullo  lignes- 
cens.    Involucrum  basi  saepius  umbonatum.    Mex. 

10.    A.  pkUypodum. 
k.    Annuum  onmino  herbaceum.     Petioli  subteretes.     Involu- 
crum basi  plus  minusve  acutatum 11.    A,  laiiJoUum. 

j.    Decumbens.     Folia  1-1.8  cm.  longa.     Sp.  mantimae  I. 

I.  Caulis  usque  supra  mediam  partem  foliosus.  Folia  ovato- 
oblon^a  vel  anguste  deltoidea  regulariter  crenata.   .Co- 

rjonbi  3-5-capitulati 12.    A.  maritimum, 

I.  Caulis  vix  ad  mediam  partem  foliosus.  Folia  rhom- 
boideo-ovata  vel  infimis  breviter  lateque  deltoidea. 
saepissime   inciso-dentata.     Corjonbi   4-13-capitulati 

13.    A.  liUaraU, 

1.  A.  DOMiNGENSE  Spreng.,  herbaceum  pusilium  prostratum  rep- 
tans;  caule  gracili  ad  nodos  radicantes  folia  et  ramos  suberectos  basi 
foliatos  apice  floriferos  et  etiam  scapos  nudos  unicapitatos  gerenti; 
foliis  oppositis  suborbicularibus  6-12  mm.  diametro  tenuibus  grosse 
crenato-iobulatis  cordatis,  petiolis  3-16  mm.  longis;  capitulis  soli- 
tariis  terminalibus  5-8  mm.  diametro;  involucri  turbinati  squamis 
viridibus  tenuibus  vix  costatis  oblanceolatis  acutis  laxe  imbricatis 
subaequilongis  dorso  laxe  pilosis;  pedunculis  vei  scapis  flexuosis 
saepe  nutantibus  3-7.5  cm.  longis;  corollis  albis  2  mm.  longis  glandu- 
loso-atomiferis,  tubo  proprio  gracili  faucibus  campanulatis  breviori- 
bus;  achaeniis  glabris  nigris  lucidis  deorsum  decrescentibus  basi 
substipitati-caiiosis;  pappi  squamulis  oblongis  fimbriatis  quam 
achaenio  bis  brevioribus. —  Syst.  iii.  446  (1826).     Phania  domingerms 
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(Spreng.)  Griseb.  Cat.  PI.  Cub.  145  (1866).  Carelia  domingensis 
(Spreng.)  Ktze.  Rev.  Gen.  i.  325  (1891).  Eupaiorium  planeUa&ianum 
Maza  &  Molt.  An.  Hist.  Nat.  Madr.  xix.  271  (1890).—  Santa 
Domingo:  Bertero  (hb.  DC,  icon,  simpl.  in  hb.  Gray.).  Cuba:  in 
ripis  fluminis  Sta.  Catalina,  Wright,  n.  2798  (hb.  Gray.);  in  saxis 
prope  San  Diego  de  Tapia,  Wright  (hb.  Gray.) ;  sub  fruticibus  in  col- 
libus  petrosis  Bahia  Honda,  pro  v.  Pinar  del  Rio,  Wilson,  n.  9405  (hb. 
Gray.). 

NoTA. —  Quamquam  planta  domingensis  a  cl.  Sprengel  glabra  descripta  sit 
ea  cubensis  tamen  distincte  pubescens  se  exhibet. 

2.  A.  radicans  Robinson,  herbaeeum  glabrum  prostratum  rep- 
tans;  caule  tereti  crassiusculo  medulloso;  ramis  patentibus  ad  nodos 
saepe  radicantibus  apieem  versus  ascendentibus;  foliis  oppositis 
lanc^latis  vel  anguste  elliptico-oblongis  3-nerviis  integriusculis  utro- 
que  angustatis  apice  obtusis  utrinque  glabris  supra  viridibus  subtus 
vix  pallidioribus  impunctatis  4-8  cm.  longis  5-15  mm.  latis  bre\'iter 
petiolatis;  pedunculis  nudis  cymos  parvos  2-3-capitulatos  terminales 
vel  etiam  laterales  gerentibus;  capitulis  breviter  pedicellatis  8-10  mm. 
diametro;  invoiucri  squamis  lanceolatis  vel  linearibus  fere  a  basi  ad 
apieem  attenuatis  2-costatis  peracutis  glabris;  receptaculo  parvo  con- 
vexo  nudo;  corollis  glabris  limbum  versus  purpureis;  achaeniis  acute 
5-angularibus  1.2  mm.  longis  glabris;  pappi  paleis  5  ovatis  scariosis 
apice  in  setam  productis  corollam  aequantibus. —  Proc.  Am.  Acad, 
xlvii.  192  (1911). —  Balize:  in  aquis  dulcis  prope  Manatee  Lagoon, 
Peck,  n.  99  (hb.  Gray.). 

3.  A.  POLYPHYLLUM  Bak.,  herbaeeum  perenne  foliosissimum ; 
caulibus  erectis  simplicibus  pubescentibus;  foliis  sessilibus  oppositis 
lanceolatis  integris  1-2.5  cm.  longis  margine  revolutis  supra  glabris 
viridibus  subtus  griseo-incanis  tomentosis;  corymbis  densis;  capitulis 
ca.  5  mm.  diametro  multifloris;  invoiucri  campanulati  squamis  lanceo- 
latis pauciseriatim  imbricatis  extimis  gradatim  brevioribus;  corollis 
rubris  tubopropriopubescenti;  achaeniis  glabris;  pappi  paleis  paucis 
obtusis  quam  corolla  triplo  brevioribus. —  Kew  Bull.  1898,  p.  148 
(1898). —  Africa  centralis  anglica:  ad  Nyikam,  alt.  1800-2150  m., 
Whytc,  n.  252.     Non  vidi. 

4.  A.  Peckii  Robinson,  herbaeeum  annuum  erectum  5  dm.  altum 
fastigiatim  ramosum  glabrum;  radice  fibrosa;  caule  subtereti  basin 
versus  crassiusculo  nodoso;  foliis  lineari-oblongis  integris  3-ner\nis 
2.5-4.5  cm.  longis  2.5-6  mm.  latis  acutiusculis  sed  in  apice  vero  ob- 
tusis basi  petioliforme  attenuatis  margine  revolutis;   capitulis  paucis 
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3.5-4  mm.  diametro  ca.  20-floris  in  c>tiiis  dichotomis  dispositis;  brac- 
teolis  lineari-subulatis  2-4  mm.  longis;  involucri  squamis  lineari- 
lanceolatis  attenuatis  saepius  2-costatis  acutissimis  longitudine  sub- 
aequalibus  glabris;  corollis  glabris  caemleo-purpureis;  achaeniis 
nigris  5-angularibus  in  angulis  parce  hispidulis  in  faciebus  obscure 
granulosis;  pappipaleis  ovatis  scariosis  argenteis  plus  minusve  lacinia- 
tis  apice  setiferis  corollam  aequantibus. —  Proc.  Am.  Acad,  xlvii. 
191  (1911). —  Balize:  in  apertis  arenosis  in  coUibus  piniferis  prope 
Manatee  Lagoon,  Pcck^  n.  80  (hb.  Gray.). 

5.  A.  HousTONiANUM  Mill.,  annuum  robustum  erectum  vel  de- 
cumbens;  caide  tereti  meduiloso  per  totam  longitudinem  folioso 
patentim  piloso  plus  minusve  ramosum;  foHis  oppositis  late  deltoideo- 
ov^atis  saepius  crenatis  hinc  inde  (in  eodem  indi\dduo)  acute  serratis 
basi  saepissime  late  cordatis  rarius  truncatis  vel  paullo  acutatis  apice 
saepius  obtuse  acuminatis  3.5-12  cm.  longis  1.5-9  cm.  latis  tenuibus 
utrinque  viridibus  hirsutis  subtus  paullo  pallidioribus  impunctatis;  co- 
rymbis  terminalibus  saepe  compositis  densis  valde  convexis  multicapi- 
tulatis  glanduloso-hirtellis  et  cum  pilis  moniliformibus  albis  longius 
hirsutis;  capitulis  ca.  8  mm.  diametro  ca.  75-floris;  involucri  squamis 
anguste  lanceolatis  vel  lanceolato-linearibus  integris  herbaceis  longe 
continenterque  attenuatis  acutissimis  ciliolatis  apicem  versus  saepius 
purpureis  dorso  2-costatis  glandulari-puberulis  et  conspicue  hirsutulis; 
corollis  gracillimis  ca.  3  mm.  longis  limbum  versus  caeruleis,  tubo 
proprio  parce  glandulari-puberulo  fauces  cylindratas  glabriusculas 
aequanti  vel  paullo  superanti,  limbi  dentibus  extus  hispidulis; 
achaeniis  nigris  nitidis  saepius  in  angulis  et  etiam  plus  minusve  in 
faciebus  sursum  hispidulis  ca.  1.2  mm.  longis;  pappi  paleis  5  lanceolatis 
margine  fimbriatis  apice  longe  setiferis,  setis  sursum  scabridis  corollas 
subaequantibus. —  Diet.  ed.  8,  n.  2  (1768).  A,  mexicanum  Sims,  Bot. 
Mag.  t.  2524  (1825) ;  Sweet,  Brit.  Fl.  Card.  t.  89  (1825),  a  copia  eadem 
ac  ea  Simsii  descripta,  pappi  squamulis  a  cl.  Sweetio  per  errorem 
nimium  brevioribus  depictis;  Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  82  (1881), 
pro  parte.  A,  conyzoides,  var.  mexicanum  (Sims)  DC.  Prod.  v.  108 
(1836) .  A .  conyzoides  Hemsl.  1.  c.  81  ( 1881 ) ,  pro  parte,  non  L.  Carelia 
Houstoniana  (Mill.)  Ktze.  Rev.  Gen.  i.  325  (1891). —  Mexico:  prae- 
sertim  in  civitate  Vera  Cruz:  Cordova,  Bourgeau,  n.  1557  (hb.  Gray., 
hb.  U.  S.  Nat.  Mus.);  Orizaba,  alt.  1220  m.,  Seaion,  n.  55  (hb.  Gray., 
hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.);  Jalapa,  Schiede,  f.  Hemsl.  K  c, 
alt.  1220  m.,  Pringley  no.  8065  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.,  hb. 
J.  D.  Sm.);  Fortin,  Kerber,  n.  302  (hb.  Havn.);  Mirador,  Sartorius 
(hb.  Gray.);   Coatzacoalcos,  C.  L,  Smith,  n.  145  (hb.  Gray.),  n.  979 
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(hb.  U.  S.  Nat.  Mus.) ;  Huasteca,  Tantoyuca,  Ervendberg,  n.  100  (hb. 
Gray.);  Tepic,  Palmer  (anno  1892),  n.  2066  (hb.  U.  S.  Nat.  Mus.). 
Costa  Rica:  San  Rafael  de  Cartago,  Pittier,  n.  6995  (hb.  Gray.). 
Guatemala:  Alta  Vera  Paz,  Goll,  n.  238  (hb.  U.  S.  Nat.  Mus.). 
Cuba:  in  agro  nicotianae,  Pinar  del  Rio,  Palmer  &  Riley ,  n.  65  (hb. 
U.  S.  Nat.  Mus.),  fl.  roseis.  Jamaica:  Eggers,  n.  3445  (hb.  J.  D. 
Sm.);  Cinchona,  alt.  1525  m.,  Clute,  n.  190  (hb.  U.S.  Nat.  Mus.);  in 
marginibus  sil varum,  Morce's  Gap,  alt.  1525  m.,  Nichols,  n.  33  (hb. 
Gray.,  hb.  U.  S.  Nat.  Mus.).  Martinique:  cultum  et  erratum,  Diiss, 
n.  4681  (hb.  U.  S.  Nat.  Mus.),  partim.  Brasilia:  Rio  de  Janeiro, 
Rudio  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.).  St.  Helena:  Brown  & 
Brown,  n.  254  (hb.  U.  S.  Nat.  Mus.).  Assam:  Mangaldai,  Chatter jee 
(U.  S.  Nat.  Mus.). 

NoMEN  vulgatum  hispanlce  (Mex.)  "Yerba  de  zopilote"  ex  cl.  Kerbero. 

NoTA. —  Haec  species  pro  genere  optima,  origine  certe  austro-mexicana  est 
diu  ob  floribus  laete  caeruleis  vel  albis  peromatis  ubique  culta  et  aliter  ex 
hortis  errata  vel  fortuite  dispersa  saepe  in  locis  incultis  vel  ruderatis  reparatur. 

6.  A.  coNyzoides  L.,  annuum  pubescens  oppositi-rameum  normali- 
ter  erectum  rarius  deeumbens  2.5-9  dm.  altum;  radice  fibrosa;  caule 
molli  tereti  patentim  pubescenti  saepius  purpurascenti  per  totam 
longitudinem  folioso;  ramis  patentim  ascendentibus;  foliis  ovatis 
plerisque  obtusis  basi  rotundatis  vel  breviter  cuneatis  rarius  late 
cordatis  crenatis  vel  rarius  serratis  tenuibus  utrinque  parce  pilosis 
subtus  dilutiore  viridibus  2-8  cm.  longis  1.5-6  cm.  latis  a  basi  3(-5)- 
nerviis  impunctatis  vel  subtus  glandulis  paucis  inconspicuis  consper- 
sis;  petiolis  0.5-3  cm.  longis  hirsutis;  corymbis  in  caule  ramisque 
terminalibus  saepe  compositis  (3-)8^i0-capitulatis  valde  convexis 
breviter  pedunculatis;  pedicellis  filiformibus  3-7  nmi.  longis  glandu- 
losis  vel  hispidulis;  bracteolis  setaceis;  capitulis  50-floris  ca.  6  mm. 
diametro;  involucri  campanulati  squamis  oblongis  viridibus  saepius 
2-costatis  apice  subabrupte  acuminatis  margine  scariosis  sub  acumine 
saepius  erosis  et  ciliatis  dorso  parce  pilosis  vel  glabriusculis;  recepta- 
culo  nudo;  corollis  limbum  versus  caeruleis  ca.  2  mm.  longis,  tubo 
proprio  gracili  fauces  modice  ampliatas  paullo  superanti  glabriusculo 
vel  glandulari-puberulo;  achaeniis  nigris  nitidis  in  angulis  saepius 
minute  sursum  hispiduhs;  pappi  paleis  5  lanceolatis  margine  fimbrio- 
latis  apice  setiferis  coroUam  subaequantibus. —  Sp.  PI.  ii.  839  (1753). 
A.  hirtuvi  Lam.  Diet.  i.  54  (1783).  A,  conyzoides,  0  hlrturn  (Lam.) 
DC.  Prod.  V.  108  (1836).  A,  hirsnium  Poir.  Suppl.  i.  242  (1810), 
sphalm.  pro  hirtum.     A,  odoratum  Vilm.  Fl.  PI.  Terre,  ed.  2,  42  (1866). 
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hb.  J.  D.  Sm.),  Buchtien,  n.  1456  (hb.  Gray.) ;  Yungas,  Bang^  n.  407 
(hb.  U.  S.  Nat.  Mus.).  Brasilia:  in  pascuis  ruderatisque  prope  Rio 
de  Janeiro,  Beyrich  (hb.  Gray.);  Rudio  (hb.  Gray.,  hb.  Berol.);  Petro- 
polis,  Binoty  n.  15  (hb;  Berol.);  ex  umbrosis  juxta  Tijuca,  Ball  (hb. 
U.  S.  Nat.  Mus.);  juxta  Santos,  Ball  (hb.  Gray.);  Minas  Geraes, 
RegnelU  n.  Ill  675  (hb.  J.  D.  Sm.);  Sao  Paulo,  Everett,  n.  16  (hb. 
Gray.);  sine  loco  indicato,  Martins,  n.  672  (hb.  Gray.),  BurchelU  n. 
854  (hb.  Gray.),  Luschnath  Qib.  Gray.),  Riedcl,  n.  1346  (hb.  Gray.). 
Ins.  St.  Helena:  Wilkes  (hb.  U.  S.  Nat.  Mus,).  Sierra  Leone: 
Freetown,  W.  H.  &  A.  //.  Broum,  nn.  31a,  51  (hb.  U.  S.  Nat.  Mus.). 
Aegypto:  prope  Luxorem,  Kralik  (hb.  Gray.),  prope  Girgeh,  Joad 
(hb.  U.  S.  Nat.  Mus.).  Nubia:  in  insula  Tutli  ad  urb.  Chartum, 
Kotschy,  n.  327  (hb.  Gray.).  Afr.  orient.  German.:  Kilima  Njaro, 
Abbott  (hb.  U.  S.  Nat.  Mus.);  Usambara,  Hoist,  n.  8860  (hb.  U.  S. 
Nat.  Mus.).  Nyassaland:  Buchanan,  n.  740  (hb.  U.  S.  Nat.  Mus.). 
Sansibar:  Stuhlmann  (hb.  Gray.).  Madagascar:  Imerina,  Hilde- 
brandt,  n.  3500  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.) ;  Nossi-be,  Hildcbrandt, 
n.  3304a  (hb.  J.  D.  Sm.);  Shufeldt,  n.  101  (hb.  U.  S.  Nat.  Mus.). 
China:  Meng-Tsze,  Henry,  n.  9094  (hb.  U.  S.  Nat.  Mus.);  Canton, 
Williams  (hb.  Gray.);  Hong  Kong,  Wright  (hb.  U.  S.  Nat.  Mus.). 
Ind.  Or.:  Sikkim,  reg.  subtrop.,  Hooker  f.  (hb.  Gray.),  Khasia,  reg. 
subtrop..  Hooker  f,  &  Thompson  (hb.  Gray.);  in  locis  incultis  prope 
Mangalor,  Hohenacker,  n.  1  (hb.  Gray.).  Assam:  Dumar  Dallang, 
Watt,n.  10, 431  (hb.  U.  S.  Nat.  Mus.).  Siam:  Bangkok, ZiniTnermann, 
n.  70  (hb.  U.  S.  Nat.  Mus.).  Burma  superior:  a  legulo  el.  Kingii, 
n.  11  (hb.  Gray.).  Malacca:  Cuming,  n.  2362  (hb.  Kew.,  phot,  in 
hb.  Gray.).  Java:  Zollinger,  n.  23  (hb.  Gray.).  Ins.  Philippenses: 
Cuming,  n.  2419  (hb.  Gray.);  Manila,  Merrill,  n.  35  (hb.  Gray.); 
Luzon,  Merrill,  n.  1955  (hb.  Gray.),  Ramos,  n.  2086  (hb.  Gray.); 
Cution,  Merrill,  n.  563  (hb.  Gray.).  Ins.  Vitenses:  Seemann,  n. 
267  (hb.  Gray.).  Ins.  Tongenses:  Moore,  n.  469  (hb.  U.  S.  Nat. 
Mus.).  Ins.  Hawaiienses:  Oahu,  Remy,  n.  229  (hb.  Gray.),  Drill 
(hb.  Gray.),  Heller,  n.  1999  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.). 

Forma  album  (Willd.),  comb,  no  v.,  formae  typicae  habitu,  foliis, 
etc.,  simillimum  differt  solum  corollis  albis. —  A.  album  Willd.  ex 
Steud.  Nom.  18  (1821).  Carelia  conyzodes  [L.]  Ktze.,  a  robusta  Ktze., 
var.  alba  (Willd.)  Ktze.  Rev.  Gen.  i.  325  (1891),  etiara  y  pusilla 
Ktze.,  var.  alba  Ktze.,  1.  c. —  Cum  forma  typica  late  dispersa  tamen 
multo  rarior,  e.  g.  Porto  Rico:  in  graminosis  ad  "Cacoa,"  Sintenis, 
n.  5874  (hb.  J.  D.  Sm.). 

Var.  INAEQUIPALEACEUM  Hicrou.,  formae  typicae  habitu,  foliis,  etc., 
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distincte  ampliatas  cylindratas  subaequanti;  achaeniis  nigris  vix  in 
angulis  obscure  hispidulis  1.2  mm.  longis;  pappi  squamis  5  aliis 
saepissime  brevioribus  muticis  aliis  in  aristam  disinentibus  et  achae- 
nium  longitudine  subaequantibus. —  Proc.  Am.  Acad,  xlvii.  191  (1911). 
A,  intermedium  Millsp.  Field  Columb.  Mus.  Pub.  Bot.  Ser.  iii.  90 
(1904),  non  Hemsl. —  Yucatan:  Izamal,  Gaumer,  n.  395  (hb.  Gray., 
hb.  U.  S.  Nat.  Mus.);  Merida,  Valdez,  n.  13  (hb.  Gray.,  hb.  U.  S. 
Nat.  Mus.). 

9.  A.  RUGOSUM  Coult.,  erectum  verisimiliter  perenne;  caule  tereti 
sordide  pubescenti  purpurascenti  ad  inflorescentiam  folioso  supeme 
ramoso  4  dm.  vel.  ultra  alto;  foliis  ovatis  attenuatis  acutis  serratis 
3(-5)-nerviis  6-8  cm.  longis  3.5-4.3  cm.  latis  supra  scabriusculis 
rugulosis  vel  planis  tenuiter  pubescentibus  subtus  pauUo  pallidioribus 
pubescentibus  et  puncticulatis  basi  rotundatis;  petiolo  usque  ad  1.5  cm. 
longo;  corymbis  terminalibus  multicapitulatis  3-6  cm.  diametro; 
capitulis  7  mm.  diametro  ca.  65-floris;  involucri  turbinato-campanulati 
squamis  subaequalibus  lanceolato-linearibus  attenuatis  uncinatis  dor- 
so  2-costatis  hirsutis;  receptaculo  conico  plerumque  nudo  margine 
solo  paleis  paucissimis  instructo;  coroUis  caeruleo-purpureis  2.5  mm. 
longis  glandulari-granulosis  supra  mediam  partem  in  fauces  turbinato- 
campanulatas  pauUo  ampliatis;  achaeniis  argute  5-angulatis  deorsum 
decrescentibus  nigris  glaberrimis  lucidis  basi  albido-callosis;  pappo  e 
paleis  5  saepius  deltoideis  brevibus  (ca.  0.3  mm.  longis)  acutis  vel 
obtusis  et  denticulatis  basi  per  tertiam  partem  longitudinis  connatis. — 
Bot.  Gaz.  XX.  42  (1895) ;  J.  D.  Sm.  Enum.  PI.  Guat.  iv.  72  (1895).  A. 
latifoUum  Hemsl.  Biol.  Cent.-Am.  Bot.i.  82  (1881)  quoad  pl.  guatem. — 
Guatemala:  Santa  Rosa,  alt.  915  m.,  Heyde  &  Lux  (distrib.  J.  D.  Sm.), 
n.  4243  (hb.  J.  D.  Sm.) ;  basi  montis  igniv.  Fuego,  Scdvin  &  GodmuTif  n. 
48  (hb.  Kew.);  San  Cristobal,  alt.  1400  m.,  v.  Tuerckheim,  n.  II  2051 
(hb.  Gray.,  hb.  J.  D.  Sm.);  alt.  1130  m.,  Dearn,  n.  6169  (hb.  Gray.)  et 
dubitatim  n.  6208  (hb.  Gray.) —  forma  foliis  multo  minoribus. 

NoTA. —  Ob  pappo  e  squamulis  basi  connatis  transitionem  ad  Subg.  Coelesti* 
nam  formans.  Plantae  nonnullae  perplexantes  occumint,  e.  g.,  San  Salvador, 
Velasco  (distrib.  J.  D.  Sm.),  n.  8967  (hb.  J.  D.  Sm.),  cum  habitu  passim  A. 
rugosi  sed  cum  pappo  subintegro  A.  corymbosi;  Guatemala,  Alta  Verapaz, 
GoU.  n.  114  (hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.),  cum  pappo  A.  rugosi  sed  foliis 
minoribus  subtus  dense  canescenteque  tomentosis. —  Formae  ultius  inqui- 
rendae. 

10.  A.  platypodum,  spec,  nov.,  robustum  subglabrum;  caule  (basi 
ignoto)  supeme  suberecto  paucirameo  folioso  tereti  purpurascenti 
crassiusculo  paullo  lignescenti  tamen  meduUoso  obscure  puberulo 
tardius  glabrato;  foliis  magnis  ovatis  obtuse  acuminatis  grosse  crena- 
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E,  G,  Britton  (hb.  U.  S.  Nat.  Mus.);  secundum  vias  et  in  ruderis, 
Wight,  n.  26  (hb.  Gray.).  Santo  Domingo:  alt.  50  m.,  ad  Paradis, 
Fuerte^,  n.  458  (hb.  U.  S.  Nat.  Mus.).  Jamaica:  March  (hb.  Kew., 
phot,  in  hb.  Gray.).  Columbia:  Triana,  n.  1157  (hb.  Kew.).  Vene- 
zuela: Caracas,  Wagener,  f.  Kegel.,  1.  c.  Peruvia:  prope  Limam, 
Nee,  f.  Cav.  1.  c,  Gaudichaud,  n.  106  (hb.  Gray.). 
NoMEN  vuLGATUM  peruviorum  Teatina  ex  Cav.  1.  c. 

NoTA. —  Ab  vulgato  A.  conyzoide  praecipue  pappo  breviori  mutico  ab 
aiictoribus  successivis  sub  nominibus  diversis  sejunctum  quam  species  fortasse 
videndum,  tamen  in  A.  conyzaidem,  var.  inaequipaleaceum  facillime  et  saepia- 
sime  transiens. 

NoTA. —  Ad  banc  speciem  praeterea  Coelestinam  partnfoliam  DC.  Prod.  v. 
108  (1836),  plant  am  minus  co^itam  ob  speciminis  typici  axi  frusto  praecipue 
ab  axibus  lateralibus  parvifoliatis  descriptam  confidenter  refero. 

Var.  galapageium,  var.  nov.,  valde  decumbens;  foliis  tenuissimis; 
capitulis  plerisque  minoribus  3-5  mm.  diametro  ca.  20-floris;  pappi 
squamulis  saepius  (non  semper)  brevissimis  vix  0.2  mm.  longis. — 
A.  conyzoides  Hook.  f.  Trans.  Linn.  Soc.  xx.  207  (1847);  Anderss. 
Stockh.  Akad.  Handl.  1853,  p.  175  (1854),  et  Om  Galap.  Veg.  67 
(1857);  Robinson  &  Greenman,  Am.  Jour.  Sci.  ser.  3,  1.  146  (1895); 
Stewart,  Proc.  Calif.  Acad.  Sci.  ser.  4,  i.  148  (191 1) ;  non  K  CoeleMina 
latifolia  Anderss.  11.  cc.  quoad  plantam,  nee  Benth.  Ageratum  lati- 
folium  Robinson,  Proc.  Am.  Acad.  xxx\iii.  209  (1902),  quoad  plantam, 
nee  Hemsl. —  Ins.  Galapagos:  Charles  Insula,  Darmin,  Andersson 
(hb.  Gray.),  Baur,  Snodgrass  &  Heller,  n.  423  (hb.  Gray.).  Verisimi- 
liter  etiam  in  insulis  Chatham  et  Albemarle,  tamen  pi.  Chierchiae  ex 
ilia  numquam  vidi  et  pis.  Stewartii  ex  utraque  non  critice  revidi. 

12.  A.  MARiTiMUM  HBK.,  herbaceum  decumbens  a  basi  ramosum 
parce  pilosus  2.5-3.5  dm.  altum  annuum  vel  perenne;  caule  ramisque 
teretibus  juventate  viridibus  striatulis  per  majorem  partem  foliosis^ 
aetate  a  cortice  flavido-griseo  exfolianti  tectis;  foliis  oppositis  ovato- 
oblongis  vel  anguste  deltoideis  obtusiusculis  regulariter  crenatis  basi 
integris  abrupte  contractis  subtruncatis*  vel  subcordatis  1.5-3  cm. 
longis  9-22  mm.  latis  subglabris;  petiolo  9-15  mm.  longo  gracili 
villoso-hirsutulo;  pedunculis  2-11  cm.  longis  aut  terminalibus  aut 
lateralibus;  cymis  3-5-capitulatis;  capitulis  ca.  7  mm.  diametro  ca. 
75-floris;  involucri  squamis  lanceolati-oblongis  acuminatis  viridibus^ 
2-costatis  glabriusculis;  receptaculo  leviter  convexo  nudo;  corollis 
3  mm.  longis  fere  tubulatis  in  fauces  vLx  ampliatis  parce  pubescentibus 
limbum  versus  violaceis  (Kunth),  caeruleis  aut  albis  (Shafer),  caeruleis 
aut  roseis  (Palmer  &  Riley),  purpureis  (Wright),  breviter  hispidulis; 
achaeniis  nigris  acute  5-angularibus  2.1  mm.  longis  glabris;  pappo  e- 


Digitized  by 


QoO^Q: 


Digitized  by 


GooglQ 


468  PROCEEDINGS  OF  THE  AMERICAN  ACADEMY. 

64  (1841),  non  Ageratum  maritimum  HBK.  Carelia  liiorale  [Gray] 
Ktze.  Rev.  Gen.  i.  325  (1891). —  In  insulis parvis  Floridae  australis: 
in  litoribus  eorallinis.  Key  West,  Bennett;  Blodget  (hb.  Gray.) ;  Palmer 
(anno  1874),  n.  192;  Gather,  (hb.  Gray,hb.  U.  S.  Nat.  Mus.);  Tweedy, 
n.  312  (hb.  U.  S.  Nat.  Mus.);  Pollard,  Collins  &  Morris,  n.  12  (hb. 
U.  S.  Nat.  Mus.);  Boca  Chica  Key,  Curtiss,  n.  1163  (hb.  Gray.,  hb. 
U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.);  No  Name  Key,  Simpson,  n.  246 
(hb.  U.  S.  Nat.  Mus.);  Few-fish  Key,  Curtiss,  n.  5446  (hb.  U.  S.  Nat. 
Mus.);  Chapman,  n.  49  (hb.  J.  D.  Sm.). 

Var.  hondurense,  var.  nov.,  formae  typicae  multis  simillhnum  dif- 
fert  foliis  pauUo  majoribus  usque  ad  34  mm.  longis  et  20  mm.  latis 
potius  regulariter  crenato-dentato  nee  ineisis;  involucri  squamis 
paullulo  villosis. —  In  insulis  sinus  hondurensis:  Rutan,  Gaumer^ 
n.  1  (hb.  Berol.,  hb.  U.  S.  Nat.  Mus.).  Mugeres,  Gaumer  (hb. 
BeroL,  hb.  U.  S.  Nat.  Mus.). 

Forma  setigerum,  forma  nova,  a  forma  precedenti  statura  habitu 
fohis  etc.  nullo  modo  discretum,  pappo  tamen  bene  evoluto  squamulis 
5  lanceolatis  attenuatis  aliis  (saepius  3)  longe  setiferis  corollam  longi- 
tudine  aequantibus  aUis  plus  minusve  brevioribus. —  In  insula  Mu- 
geres hondurensi,  Gaumer  (hb.  Berol.,  hb.  U.  S.  Nat.  Mus.)  cum 
precedenti  commixtum  et  pappo  solo  dbtinguendum. 

Sect.  II.  CoELESTiNA  (Cass.)  Gray.  Pappus  e  corona  sistens 
margine  integra  vel  plus  minusve  angulata  vel  dentata  (rarissime  setam 
unicam  gerenti)  hinc  inde  valde  reductus. —  Syn.  Fl.  i.  pt.  2, 93  (1884). 
Coelestina  Cass.  Bull.  Soc.  Philom.  Par.  1817,  p.  10  (1817).  DC.  Prod, 
v.  107  (1836),  pro  parte.  Caelestina  Cass.  Diet.  Sci.  Nat.  xvi.  10 
(1820),  Ix.  585  (1830).  Coelestinia  Endl.  Gen.  366  (1838).  Ageratum 
subg.  Coelestina  (Cass.)  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2,  197  (1876), 
pro  parte. —  Species  14  omnes  neontogeae  pleraeque  suflfrutices. 

Clavis  apecierum. 

a.    Receptaculum  paleaceum  6. 

b.    Paleae  apice  firmiusculae  subulato-attenuatae  c. 
c.    Corollae  purpureo-cacruleae.     Folia  subtus  tomentosa  et  cum  glandu- 
lis  flavis  vel  aureo-brunneis  creberrime  tecta.    Mex. 

14.    A.  paleaceum, 
c.    Corollae  albae.    Folia  subtus  tomentosa  sed  sine  glandulis  con- 

spicuis.     Mex 15.    A.  albidum. 

b.    Paleae  oblongae  vel  lineares  apice  obtusae  vel  acutae  neque  induratae 

nee  subulato-attenuatae.    Bras. 16.    A.  micropappum. 

a.    Receptaculum  nudum  d. 

d.    Rhizoma  bene  evolutum  borizontali  repens.     Inflorescentia  laxe  dicho- 
toma  scorpoideo-cjrmosa 17.    A.  scorpoideum. 
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albidis  dorse  viridibus  vel  atropurpureis;  receptaculoubiquepaleifero; 
paleis  apice  subulato-attenuatis  firmiusculis  albidis  corollas  fere 
aequantibus;  corollis  extus  glandulis  aureis  sessilibus  conspicue  eon- 
spersis  limbum  versus  caenileo-purpurascentibus,  tubo  proprio  graeili 
fauces  subaequanti;  achaeniis  glabris  nigris  1.8  mm.  longis;  pappo 
crateriformi  albido  margine  subintegro  vel  plus  minusve  dentato  (hinc 
inde  in  setam  expanso  f.  DC). —  Biol.  Cent.-Am.  Bot.  li.  83  (1881). 
Coelestina  paleacea  Gay  ex  DC.  Prod.  v.  107  (1836).  Carelia  paleacea 
(Gay)  Ktze.  Rev.  Gen.  i.  325  (1891).  Ageratum  rhytidophyllum 
Robinson,  Proc.  Am.  Acad,  xxxvi.  476  (1901). —  Mexico:  circa 
Oaxacam,  AndrieuXy  n.  287  (hb.  DC,  phot,  in  hb.  Gray.);  in  convalli 
Oaxacanae,  E.  W,  Nelson,  n.  1446  (hb.  Gray.) ;  Sierra  de  San  Filipe, 
alt.  2150  m.,  Pringle,  n.  5675  (hb.  Gray.),  C.  L.  Smith,  n.  594  (hb.  U.  S. 
Nat.  Mus.),  alt.  2440  m.,  PHngle,  n.  6177  (hb.  U.  S.  Nat.  Mus.,  hb. 
J.  D.  Sm.) ;  in  montibus  San  Juan  del  Estado,  L.  C.  Smith,  n.  277  (hb. 
Gray.). 

15.  A.  ALBiDUM  (DC)  Herasl.,  herbaceum  perenne  3-6  dm.  altum; 
caudice  crassiusculo  paullo  lignescenti;  radicibus  fibrosis  longis  firmis; 
caulibus  1-3  vel  pluribus  teretibus  striatulis  viridibus  vel  purpuras- 
centibus  erectis  vel  plus  minusve  decumbentibus  crispe  griseo-tomen- 
tellis  usque  ad  mediam  partem  foliosis  superne  nudis;  foliis  ovatis  vel 
ovato-oblongis  3-nerviis  crenato-serratis  plerisque  obtusis  basi  plus 
minusve  angustatis  2.5-6  cm.  longis  1.5-3.8  cm.  latis  supra  viridibus 
rugosis  saepius'scabris  subtus  griseo-tomentellis  vel  -pubescentibus  plus 
minusve  reticulatis,  glandulis  paucis  inconspicuis  argenteis  vel  nullis; 
petiolis  3-5  mm.  longis;  pedunculo  terminali  elongato  1-3  dm.  longo; 
bracteolis  saepius  parvis  setaceis;  corymbis  leviter  convexis  8-40- 
capitulatis  4-7  cm.  diametro;  capitulis  6-9  mm.  diametro  ca.  60-floris; 
involucri  squamis  lanceolatis  acutis  subaequalibus  (extimis  paucis 
breyioribus)  viridibus  dorso  pubescentibus  et  hinc  inde  minutissime 
nigro-punctatis  saepius  2-costatis  apice  albidis  subulatis;  receptaculo 
conico  ubique  paleifero;  paleis  linearibus  apice  subulatis  albidis; 
corollis  albis  2.7  mm.  longis,  tubo  proprio  graeili  hispidulo  fauces 
cylindratas  glabriusculas  subaequanti ;  limbi  dentibus  extus  hispidulis; 
achaeniis  1.8  mm.  longis  saepius  arcuatis  nigris  glabris  lucidis;  pappo 
crateriformi  albo  ca.  0.4  mm.  alto  margine  denticulato. —  Biol.  Cent.- 
Am.  Bot.  ii.  81  (1881).  Coelestina  albida  DC.  Prod.  v.  107(1836). 
Carelia  albida  (DC)  Ktze.  Rev.  Gen.  i.  325  (1891).— Mexico:  Oa- 
xaca,  inter  urbem  Oaxacam  et  Mitlam,  Andrienx,  n.  543  (hb.  DC, 
phot,  in  hb.  Gray.);  in  valle  Etla,  Alvarez,  n.  751  (hb.  Gray.);  in 
collibus  supra  Oaxacam,  alt.  1830  m.,  Pringle,  n.  4816  (hb.  Gray.,  hb. 


Digitized  by 


Google 


ROBINSON. —  ALOMIA,   AGERATUM,   AND  OXYLOBUS.  471 

U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.);  in  monte  Alban  prope  urbem  Oaxa- 
cam,  alt.  1680-1830  m.,  C.  L,  Smith,  n.  365  (hb.  U.  S.  Nat.  Mus.); 
Tecrango,  alt.  2075  m.,  L.  C.  Smith,  n.  424  (hb.  Gray.);  Cerro  de  San 
Felipe,  alt.  2000  m.,  Conzatii  &  Gatizdlcz,  n.  542  (hb.  Gray.);  in  colli- 
bus  aridis  vallis  Oaxacae,  alt.  1550-1770  m.,  Nehon,  n.  1208  (hb. 
Gray.). 

Var.  Nelsonii,  var.  nov.,  caulibus  altius  foliosis;  foliis  majoribus 
tenuioribus  late  ovatis  basi  rotundatis  utrinque  viridibus  subtiis  vix 
pallidioribus  molliter  pubescentibus  nee  tomentosis  6-11  em.  longis 
2.5-4.5  cm.  latis;  petiolis  usque  ad  2  cm.  longis;  involucro,  paleis, 
pappo,  etc.  ut  apud  formam  typicam;  coroUis  ut  videtur  caerulescenti- 
bus. —  Mexico  :  in  civitate  Oaxaca  inter  oppida  Zanatepec  et  Papana, 
alt.  200  m.,  E,  W.  Nehon,  n.  2822a  (hb.  Gray.).  Varietas  vegetior 
fortasse  quam  species  distincta  videnda  tamen  sine  characteribus 
validis. 

16.  A.  MiCROPAPPUM  Bak.,  fruticosum;  ramis  virgatis  striato- 
angulatis  crispe  puberulis  et  glanduloso-atomiferis,  intemodiis  5-11 
cm.  longis;  foliis  oppositis  obovato-oblongis  coriaceis  argute  serrato- 
dentatis  apice  rotundatis  basi  attenuatis  4-8  cm.  longis  2-4  cm.  latis 
supra  viridibus  glabriusculis  laevibus  subtus  reticulato-venosis 
pallidioribus  griseo-tomentellis;  petiolo  ca.  6  mm.  longo  supra  canali- 
culato;  corymbis  terminalibus  densissimis  convexis  ca.  4  cm.  diametro; 
capitulis  ca.  20-floris  ca.  3  mm.  diametro;  involucri  campanulati  squa- 
mis  oblongis  apice  rotundatis  dorso  saepissime  2-costulatis  margine 
tenui  ciliatis;  paleis  lineari -oblongis  obtusis  apice  ciliolatis  vel  erosis; 
achaeniis  glabris  nigrescent ibus  prismaticis  deorsum  levissime  decres- 
centibus  basi  callosis;  pappo  brevissimo  coroniformi  dentato;  corollis 
fere  exacte  cylindratis  glabris,  faucibus  vix  ullis. —  Bak.  in  Mart.  Fl. 
Bras.  vi.  pt.  2,  198  (1876). —  Brasilia:  prov.  Bahia,  Blanchet,n. 
3700  (hb.  Kew.,  hb.  Gray.). 

17.  A.  scoRPioiDEUM  Bak.,  herbaceum  perenne  subglabrum; 
rhizomate  horizontali  valde  repente  ad  nodos  radicante;  caulibus 
erectis  3-4  dm.  altis  per  totam  longitudinem  foliosis;  foliis  lanceolatis 
tenuibus  penniveniis  crenatis  basi  apiceque  angustatis  obtusis  ca.  5  cm. 
longis  1  cm.  latis;  inilorescentiis  terminalibus  semel  vel  bis  dichotomis 
deinde  scorpioideo-cymosis;  capitulis  parvis  graciliter  pedicellatis  vel 
supremis  subsessilibus  4-5  mm.  diametro  18-31-floris;  involucri 
squamis  late  oblanceolatis  acutis  glabris  tenuibus  subcostatis;  re- 
ceptaculo  nudo;  corollis  1.8  mm.  longis  glabris,  tubo  proprio  brevis- 
simo faucibus  campanulatis  duplo  breviori;  achaeniis  1.3  mm.  longis 
nigris  glabris  prismaticis  deorsum  paullo  decrescentibus  basi  callosis; 
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pappo  coroniformi  dentate  tenui  quam  achaenio  ter  vel  quater  brevi- 
ori.—  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2,  197  (1876);  Robinson,  Proc. 
Am.  Acad.  xlii.  34  (1906).  Coelestina  repens  Sch.  Bip.  in  Schomb. 
Faun,  et  Fl.  Guy.  1134  (1848),  sine  char. —  Guiana  anguca:  in 
graminosis  verisimiliter  plus  minus ve  paludosis  "savannas"  dictis, 
Rcb,  Schomburgk,  n.  353  f.  Bak.  1.  c,  Rich,  Schomburgk,  n.  488  (hb. 
Berol.,  fragm.  et  phot,  in  hb.  Gray.). 

18.  A.  STACHYOFOLIUM  Robinson,  herbaeeum  perenne  5-6  cm. 
altum  strictum;  caule  simplici  erecto  tereti  rubescenti  griseo-tomen- 
tello  foliosissimo;  foliis  altemis  ovato-oblongis  vel  ellipticis  crenulatis 
1.5-3.2  cm.  longis  1-1.4  cm.  latis  basi  rotundatis  sessilibus  vel  bre\is- 
sime  petiolatis  apice  obtusis  vel  rotundatis  paullo  supra  basin  3-nerviis 
supra  parce  pilosis  subtus  paullo  pallidioribus  laxe  pubescentibus  et 
glandulari-punctatis;  corymbo  terminali  leviter  convexo  ca.  10-capi- 
tulato  4  cm.  diametro;  pedicellis  1.5-1.8  cm.  longis  tomentellis; 
bracteolis  spatulato-filiformibus  8-11  mm.  longis;  capitulis  ca.  1  cm. 
diametro  ca.  100-floris  involucri  squamis  linearibus  acutis  viridibus 
pubescentibus  saepius  4-costatis;  coroUis  albis,  tubo  proprio  longius- 
culo  puberulo,  faucibus  turbinatis;  styli  ramis  pallidis  clavellatis; 
achaeniis  atrobrunneis  2  mm.  longis  basin  versus  paullo  decrescentibus; 
pappo  crateriformi  albido  margine  integro. —  Mexico  :  Oaxaca  prope 
La  Parada,  alt.  2310-2620  m.,  Nehm,  n.  991  (hb.  Gray.).  Species 
ob  foliis  omnibus  altemis  pedicellis  longis  capitulis  majusculis  prae- 
sertim  ob  involucri  bracteis  4-costatis  bene  distincta. 

19.  A.  Oerstedii,  nom.  nov.,  herbaeeum  annuum  erectum  simplex 
vel  patentim  paucirameum  glabriusculum  vel  saltim  ad  nodos  hir- 
sutulum  3-5  dm.  altum ;  radice  fibrosa;  foliis  ovatis  vel  ovato-oblongis 
crenatis  obtusis  vel  obtuse  acuminatis  basi  abrupte  contractis  utrinque 
sparse  pilosis  supra  viridibus  subtus  pallidioribus  glanduloso-puncta- 
tis  4-7  cm.  longis  2-5  cm.  latis,  petiolo  1-2  cm.  longo  piloso;  corymbis 
longipedunculatis  caulem  ramosque  terminantibus  laxiusculis  pauci- 
capitulatis;  capitulis  7.5  mm.  diametro;  involucri  squamis  viridibus 
sparse  hirtellis  vel  glabriusculis  anguste  lanceolatis  attenuatis;  corol- 
lis  caeruleo-purpureis  glabris  ca.  2.2  mm.  longis,  tubo  proprio  fauces 
cylindratas  paullo  ampliatas  vix  aequanti;  achaeniis  nigris  glabris; 
pappo  minimo  coroniformi  dentato  obscuro  sed  sub  lente  forte  mani- 
festim  extra  corollam  locato. —  A.  laiifolium  (Benth.)  Hemsl.  Biol. 
Cent.-Ara.  Bot.  ii.  82  (1881),  quoad  pi.  costaricense,  non  Cav.  Coeles^ 
Una  latifolia  Benth.  in  Oerst.  Vidensk.  Meddel.  1852,  p.  71  (1852). 
Carclia  ktifolia  (Benth.)  Ktze.  Rev.  Gen.  i.  325  (1891).— Costa  Rica: 
in  Monte  Aguacate,  Oersted,  n.  251  (hb.  Kew.,  phot,  in  hb.  Gray.); 
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ovatis  longiuscule  acuminatis  sed  ad  apicem  venim  obtusis  basi  plus 
minusve  angustatis  valde  inaequalibus  et  obliquis  margine  undu- 
latis  supra  scabriusculis  subglabris  verucosis  subtus  paullo  pallidiori- 
bus  punctatis  et  bre\iter  praesertim  in  veniis  pilosulis  ea.  8  cm.  longis 
ca.  4  cm.  latis;  petiolis  ca.  1  cm.  longis;  corymbis  in  caule  ramisque 
terminalibus  4-8-capitulatis  densis;  capitulis  7  mm.  diametro  70- 
floris;  involucri  campanulati  squamis  ca.  23  subaequalibus  lanceolati- 
linearibus  2-costatis  viridibus  in  linea  media  (inter  costas)  ciliatis 
aliter  subglabris  extimis  calloso-obtusis  interioribus  attenuatis;  re- 
ceptaculo  conico  nudo;  corollis  albis  glaberrimis  eglandulosis,  tube 
proprio  gracili  fauces  cylindratas  subaequanti;  achaeniis  nigrescenti- 
bus  saepius  curvatis  glaberrimis  vel  basin  versus  in  angulis  obscure 
hispidulis;  pappi  corona  ad  mediam  partem  5-lobata,  lobis  plerisque 
deltoideo-ovatis  muticis  margine  denticulatis. —  A,  tomentosum  Klatt, 
Bull.  Soc.  Bot.  Belg.  xxxi.  185  (1892),  pro  parte,  non  Hemsl.  (a  quo 
longe  distat). —  Costa  Rica:  in  arenosis  secundum  flumen  Ceibo, 
Pittier,  n.  4914  (hb.  Gray.). 

NoTA. —  Haec  planta  minus  cognita  (an  abnormalis)  dififert  ab  A.  corymboso 
caule  ut  videtur  nerbaceo,  foliis  oasi  obliquis,  involucri  squamis  laevioribus 
extimis  calloso-obtusis,  coroUis  glaberrimis,  ab  A.  scabriusculo  foliis  multo 
majoribus  basi  obliquis,  corollis  albis,  characteribus  involucri,  ab  A.  tomentoso 
toto  coelo. 

22.  A.  CORYMBOSUM  Zuccag.,  suffniticosum  vel  vero  fruticosum 
erectum  vel  saepe  decumbens  3-7  dm.  altum  simplex  vel  ramosum  plus 
minusve  griseo-pubescens  vel  -tomentosum;  foliis  opp)ositis  vel  supre- 
mis  altemis  firmiusculis  ovatis  vel  rhomboideo-lanceolatis  plerisque 
acutis  basi  rotundatis  vel  cuneatis  margine  grosse  crenatis  vel  dentatis 
rarius  serratis  a  basi  3(-5)-nerviis  saepe  reticulatis  3-6  cm.  longis  1- 
3.5  cm.  latis  utrinque  pallide  viridibus  supra  saepius  scabris  puberulis 
subtus  molliter  crispe  puberulis  vel  plus  minusve  tomentosis;  petiolis 
4-8  mm.  longis;  corymbis  in  caule  ramisque  terminalibus  saepe  pluri- 
bus  simplicibus  vel  compositis  multicapitulatis;  pedicellis  filiformibus 
3-12  mm.  longis  glandulari-tomentellis;  capitulis  ca.  7  mm.  diametro; 
involucri  campanulati  vel  hemisphaerici  squamis  lanceolato-linearibus 
attenuatis  hispidulis  2-costatis  apicem  versus  saepe  coloratis;  recep- 
taculo  nudo;  corollis  extus  parce  glandulari-atomiferis  et  saepius  plus 
minusve  pubescentibus  limbum  versus  caeruleis  et  \iilgo  hispidulis, 
tubo  proprio  graciU  fauces  paullo  ampliatas  subaequanti;  achaeniis 
2.2  mm.  longis  atrobrunneis  vel  nigrescent ibus  glabris;  pappo  crateri- 
formi  0.3  mm.  longo  albido  margine  subintegro  vel  paullo  irregulari- 
terque  dentato. —  Zuccag.  ex  Pers.  S^-n.  ii.  402(1807).     Spargano- 
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Rose,  n.  2538  (hb.  Gray.) ;  Puebla,  in  collibus  calcareis  prope  Amozac, 
alt.  2300  m.,  Pringle,  n.  9542  (hb.  Gray.)  glabriusculum ;  Chihuahua 
aust.-occ.,  Palmer  (anno  1885),  n.  31  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus., 
hb.  J.  D.  Sm.)  griseo-tomentosum,  prope  urbem  Chihuahuam,  Pringle, 
n.  669  partim  (hb.  Gray.,  hb.  J.  D.  Sm.). 

Var.  latifolium  (DC),  comb,  nov.,  erectum  saepius  simplex;  foliis 
ovatis  magnis  7-10.5  cm.  longis  4-6  cm.  latis  gradatim  acuminatis 
acutb  acute  serratis  plenimque  tenuibus  vix  vel  haud  reticulatis 
subtus  tenuiter  moUiterque  pubescentibus;  corollis  glandulosis  et 
pilosis  caenileis. —  Coelestinu  ageratoides  HBK.  Nov.  Gen.  et  Spec, 
iv.  151  (1820) !  et  var.  /3 latifolia  DC.  Prod.  v.  108  (1836) !  —  Mexico: 
sine  loco  indicato  (hb.  DC,  phot,  in  hb.  Gray.);  Michoacan,  inter 
Aguasarco  et  Ario,  Humboldt  &  Bonpland  (hb.  Par.,  phot,  in  hb.  Gray.) ; 
collibus  aridis,  Patzcuaro,  Pringle,  n.  3599  (hb.  Gray.);  Morelos,  in 
valleculis  praeruptis  montanis  prope  Cuernavacam,  Pringle,  n.  9843 
(hb.  Gray.,  hb.  U.  S.  Nat.  Mus.);  Holway,  n.  3509  (hb.  Gray.);  Yau- 
tepec,  Holway,  n.  5235  (hb.  Gray.);  Sinaloa,  Lodiego,  Palmer  (anno 
1891),  n.  1587  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.). 

Forma  albiflorum,  forma  nov.,  precedenti  simillimum  differt  corol- 
lis albis. —  Mexico:  Morelos,  in  collibus  prope  Yautepec,  alt.  1220  m., 
Pringle,  n.  9842  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.). 

Var.  euryphyllum,  var.  nov.,  foliis  late  ovatis  vel  rhomboideo- 
ovatis  obtusis  grosse  crenatis  4-6  cm.  longis  3-4  cm.  latis;  corollis 
caeruleis  glandulosis  \ix  pilosis. —  Mexico:  San  Luis  Potosi,  alt. 
1830-2440  m.,  Parry  iSc  Palmer,  n.  315  (hb.  Gray.,  hb.  I'.  S.  Nat. 
Mus.),  n.  318  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.),  prope  Alvarez,  Palmer 
(anno  1902),  n.  101  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.);  Nuevo  Leon, 
Monclova,  Palmer  (anno  1880),  n.  427  (hb.  U.  S.  Nat.  Mus.); 
Zacatecas,  in  montibus  prope  Plateado,  Rose,  n.  2739  (hb.  Gray.); 
sine  loco  indicato,  Hartweg,  n.  142  (hb.  Gray.). 

Var.  jaliscense,  var.  nov.,  foliis  elliptico-lanceolatisbreWterpetiola- 
tis  6-8  cm.  longis  2.3-3  cm.  latis  grosse  serratis  vel  crenato-dentatis 
vel  etiam  lobulatis  firmiusculis  scaberrimis  reticulatis;  corollis  caeru- 
leis glandulosis  parce  pilosis. —  Mexico  :  Jalisco  ad  Chapalam,  Palmer 
(anno  1886),  n.  715  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.). 

Forma  lactiflorum,  forma  nov.,  precedenti  simillimum  differt 
corollis  albis. —  Mexico:  Jalisco,  ad  Tequilam,  Palmer  (anno  1886), 
no.  351  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.),  ad  Guadala- 
jaram,  n.  290  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.),  via 
inter  Huejuquilla  et  Mesquitec,  Rose,  n.  2585  (hb.  Gray.). 

Var.    longipetiolatum,    var.    nov.,   foliis   elongatis    lanceolato- 
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mis;  pappo  crateriformi  dentate,  dente  uno  hinc  inde  setifero  ceteris 
vel  omnibus  muticis. —  Biol.  Cent.-Am.  Bot.  ii.  83  (1881).  Caelestina 
petiolata  Hook.  &  Am.  Bot.  Beechy,  433  (1841).  Carclia  petiolata 
(Hook.  &  Am.)  Ktze.  Rev.  Gen.  i.  325  (1891).— Nicaragua:  ad 
Realejo,  Sinclair  (hb.  Kew.,  phot,  in  hb.  Gray.).  Species  ut  videtur 
numquam  reperta,  ob  dentibus  pappi  hinc  inde  setiferis  transitionem 
ad  Sect.  Euageratum  monstrat. 

25.  A.  scABRiuscuLUM  (Benth.)  Hemsl.,  perenne  herbaceum  vel 
suffruticosum  decumbens  plus  minusve  ramosum  1.3-9  dm.  altum 
primo  aspectu  glaberrimum  tamen  tactu  plus  minusve  scabrum  et 
vero  minute  pilosiusculum;  caule  ramisque  gracilibus  ascendentibus 
curvatis  vel  flexuosisfoliosis;  foliis  oppositis  ovatis  saepius  acuminatis 
serratis  fiimiusculis  supra  laete  viridibus  lucidis  subtus  dilutiore 
viridibus  opacis  punctatis  2-5  cm.  longis  1-3.5  cm.  latis;  petiolis 
5-11  mm.  longis  glandulari-pubescentibus;  corymbis  (l-)3-7-capi- 
tulatis  simplicibus  vel  compositis  longe  pedunculatis;  pedicellis 
filiformibus  pubemlis  saepius  ca.  1  cm.  longis;  capitulis  ca.  7  mm. 
diametro  ca.  75-floris;  involucri  squamis  angustis  acutissimis  viridibus 
2-costatis  dorso  crispe  pubemlis  vel  glabriusculis;  coroUis  glaberrimis 
limbum  versus  caemleis,  tubo  gracili  fauces  cylindratas  subaequanti; 
achaeniis  nigrescentibus  glabris  ca.  2  mm.  longis;  pappo  crateriformi 
albido  saepius  5-dentato  0.3  mm.  longo. —  Biol.  Cent.-Am.  Bot.  ii.  83 
(1881).  Coelestina  corymbosa  Benth.  Bot.  Sulph.  Ill  (1844),  pro 
parte,  non  DC.  C  scabriiisctda  Benth.  ex  Oerst.  Vidensk.  Meddel. 
1852,  p.  72  (1852).  Carelia  scabriu^cula  (Benth.)  Ktze.  Rev.  Gen.  i. 
325  (1891). —  Mexico:  inter  San  Bias  et  Tepic,  Sinclair  (hb.  Kew., 
phot,  in  hb.  Gray.).  Guatemala,  Friedrichsthal  f.  Oerst.  1.  c.  73. 
Costa  Rica:  in  graminosis  declivitatis  occidentalis  montis  ignivomi 
El  Vieja,  alt.  610  m..  Oersted  (hb.  Kew.,  phot,  in  hb.  Gray.).  Nica- 
ragua: Wright  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.),  Masaya,  Baker,  n. 
2220  (hb.  Gray.). 

26.  A.  lucidum  Robinson,  fruticosum  ramosum  4-5  dm.  altum 
decumbens;  caulibus  nodosis  flexuosis  maturitate  a  cortice  grisea 
tectis;  ramis  curvato-ascendentibus  plerisque  in  media  parte  prae- 
sertim  foliosis;  foliis  oppositis  firmis  ovatis  acutis  basi  angustatis 
acute  serratis  1.5-4.5  cm.  longis  7-20  mm.  latis  glabriusculis  vel  plus 
minusve  scabridis  supra  laete  viridibus  lucidis  veniis  prominulentibus 
albidis  subtus  dilutiore  viridibus  punctatis  tenuiter  reticulatis;  corym- 
bis laxis  saei>e  compositis;  capitulis  pro  genere  majusculis  9-10  mm. 
diametro  ca.  80-floris;  involucri  hemisphaerici  squamis  anguste  lan- 
ceolatis  attenuatis  viridibus  2-costatis  crispe  pubemlis;  corollis  albis 
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Zuccag.  Species  ad  Trichogoniam  approxiinaiis  tamen  ultius 
scrutanda. 

A.  album  Willd.  =  A.  conyzoides,  f.  album  OMUd.)  Robinson. 

A.  altemifdium  fGardn.)  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2,  195 
(1876).  Camjndoclinum  altemifolium  Gardn.  in  Hook.  Lond.  Jour. 
Bot.  vi.  438  (1847).     Species  dubia  ultius  inquirenda. 

A.  alti^simum  L.  Sp.  PL  ii.  839  (1753)  =  Eupatorr^m  urticae- 
FOLiVM  Reichard.     Vide  Robinson,  Proc.  Am.  Acad.  xlii.  46  (1906). 

A.  angiLstifolium  Spreng.  Syst.  iii.  446  (1826)  =  Calea  axgusti- 
FOLiA  (Spreng.)  Sch.  Bip.  ex  Bak.  in  Mart.  Fl.  Bras.  \\.  pt.  3,  256 
(1884). 

A,  aquaticum  Roxb.  Hort.  Beng.  61  (1814)  =  Adexostemma 
Lavenia  (L.)  Ktze.  Rev.  Gen.  i.  304  (1891). 

A.  arhuiifolium  HBK.=  Oxylobus  ARBUTiFOLirs  (HBK.)  Gray. 

A.  brachystephanum  Kegel  =  A.  latifolium  Cav. 

A.  caeruleum  Hort.  Reg.  Par.  ex  Lam.  Diet.  i.  54  (1783).  Species 
dubia  seu  A.  Houstonianum  Mill,  seu  A.  conyzoides  L. 

A.  callosum  \Vats.=  Alomia  callosa  (^Vats.)  Robinson. 

A.  campuloclinioidcs  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2,  196  (1876). 
Species  ad  Trichogoniam  approximans  ultius  scrutanda. 

A.  ciliare  L.  Sp.  PI.  ii.  839  (1753).  Species  valde  dubia  non  recog- 
nescenda  fortasse  forma  A.  conyzoidis. 

A,  ciliare  L.,  /3  Ix)ur.  Fl.  Cochin,  ii.  484  (1790).     Omnino  ignotum. 

A.  coelestinum  Sims.  =  A.  corymbosum  Zuccag. 

A.  coeruleum  Desf.  Tab.  98  (1804),  nomen. 

A.  coeruleum  Sieber  ex  Bak.  in  Mart.  Fl.  Bras.  pt.  2,  345  (1876)  = 

EUPATORIUM  MACROPHYLLUM  L. 

A.  canfertum  (Gardn.)  Benth.  ex  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2, 
195  (1876).  Decachaeta  conferta  Gardn.  in  Hook.  Lond.  Jour.  Bot.  v. 
463  (1846).  Carelia  conferta  (Gardn.)  Ktze.  Rev.  Gen.  i.  325  (1891). 
Species  ob  pappo  setiformi  ex  Agerato  excludenda  ultius  scrutanda. 

A.  conhpicuum  Hort.  ex C  Koch  &  Fint.  Wochenschr.  i.  33  (1858) 
=  (ut  dicitur)  Eupatorium  glechonophyllum  Less. 

A.  conyzoides  Sieber  ex  Steud.  Nom.  ed.  2,  i.  37  (1841)  =  (f.  Steud. 
1.  c.)  Eupatorium  repandum  Willd.  i.  e.  E.  corymbosum  Aubl. 

A,  conyzoides  a  obtusifolium  (Lam.)  DC.  1.  c.  =  A.  coeruleum  Hort. 
Reg.  Par.  \'ide  supra. 

A.  conyzoides  /3  hirtum  (Lam.)  DC.  1.  c.  =  A.  conyzoides  L. 

A.  conyzoides  y  mexicanum  (Sims)  DC.  Prod.  v.  108  (1836)  =  A. 
Houstonianum  Mill. 

A.  conyzoides  bcordifolium  (Roxb.)  DC.  1.  c.  Var.  non  certe  constata 
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A.  microcarpum  (Benth.)  Hemsl.  =  Alomia  microcarpa  (Benth.) 
Robinson. 

A.  microcephalum  Hemsl.  =  Alomia  microcephala  (Hemsl.)  Rob- 
inson. 

A,  microphyllum  Sch.  Bip.  in  Seemann,  Bot.  Herald,  298  (1856)  = 
Ageratella  microphylla  (Sch.  Bip.)  Gray. 

A.  muticum  Griseb.  =  A.  latifolium  Cav. 

A.  nanum  Hort.  ex  Sch.  Bip.  in  C.  Koch  &  Fint.  Wochensch.  i. 
Garten-Nachr.  26  (1858)  =  (ex  Hook.  f.  &  Jacks.  Ind.  Kew.  i.  58) 
A.  suffruticosum  Regel. 

A,  obtusifoUum  Lam.  Diet.  i.  54  (1783).  Species  non  constata 
verisimiliter  seu  A.  conyzoides  L.  seu  A.  Houstonianum  Mill. 

A,  odoratum  Vilm.  Fl.  PI.  Terre,  ed.  2, 42  (1866)  =  A.  conyzoides  L. 

A.  paniculatum  Hort.  ex  Steud.  Nom.  ed.  2,  i.  609  (1840)  =  Bric- 
KELLiA  paniculata  (Mill.)  Robinson,  Proc.  Am.  Acad.  xlii.  48  (1906). 

A.  pedatum  Ort.  Hort.  Matr.  Dec.  38  (1797)  =  Florestina  pedata 
(Cav.)  Cass. 

A.  Pohlianum  Bak.  in  Mart.  Fl.  Bras.  vi.  pt.  2,  197  (1876).  Species 
minime  cognita  ob  pappi  paleis  setiformibus  et  involucri  squamis 
pluriseriatim  imbricatis  certe  ex  genere  expellenda  et  ultius  scrutanda. 

A.  punctatum  Jacq.  Hort.  Schonb.  iii.  28,  t.  300  (1798)  =  Stevia 

SERRATA  Cav. 

A.  punctatum  Ort.  Hort.  Matr.  Dec.  37  (1797)  =  Stevia  punctata 
(Ort.)  Pers. 

A.  purpureum  Aubl.  PI.  Guian.  ii.  800  (1775)  Species  nunquam 
recognita  verisimiliter  Eupatorii  species  ut  A,  guianense  Aubl. 

A,  purpureum  Sesse  ex  DC.  Prod.  v.  122  (1836)  =  Stevia  viscida 
HBK. 

A.  quadrifiorum  Blanco,  Fl.  Filip.  624  (1837)  =  Elephantopus 
SPiCATUs  B.  Juss.  fide  Villarii  in  Blanco,  Fl.  Filip.  ed.  3,  Nov.  Append. 
114  (1880). 

A,  rhytidophyllum  Robinson  =  A.  paleaceum  (Gay)  Hemsl. 

A.  rubens  Viviani,  Elench.  PI.  Hort.  Dinegro,  9  (1802).  Species 
neglecta  et  obscura  mihi  omnino  ignota. 

A.  serraium  Glaziou,  Bull.  Soc.  Bot.  Fr.  Ivi,  mem.  3d,  382  (1909), 
nomen  subnudum. 

A.  sessilifolium  Schauer,  Linnaea,  xix.  715  (1847)  =  Tricho- 
coRONis  SESSiLiFOLiA  (Schauer)  Robinson,  Proc.  Am.  Acad.  xHi.  35 
(1906). 

A.  stridum  Hemsl.  =  A.  salicifolium  Hemsl. 

A,  strictum  Sims,  Bot.  Mag.  t.  2410  (1823)  =  Adenostemma 
Lavenia  (L.)  Ktze. 
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A.  mscosum  Ort.  Dec.  36  (1797)  =  Stevia  salicifolia  Cav. 
A.  Wrightii  Terr.  &  Gray  ex  Gray  Proc.  Am.  Acad.  i.  46  (1848)  = 
Trichocoronis  Wrightii  (Torr.  &  Gray)  Gray,  PI.  Fendl.  65  (1849). 

3.    Revision  of  the  Genus  Oxylobus. 

The  claims  of  Oxylobus  Moc.  to  generic  rank  rest  quite  as  much 
upM)n  habit  and  pecuHar  habitat  as  upM)n  readily  stated  technical 
distinctions,  yet  they  seem  adequate.  This  small  group  of  three  well 
marked  and  obviously  related  species  differ  from  all  the  Ageratums  in 
being  high  alpine  plants  with  thickish  evergreen  leaves.  If  a  very 
doubtful  report  of  one  of  them  from  Venezuela  is  excepted,  they  are 
confined  to  certain  of  the  highest  mountains  of  southern  Mexico  being 
found  about  at  the  timber  line  in  borders  of  coniferous  woods.  The 
commonest  of  the  three,  0.  arhutifolius,  first  described  by  Kunth  as  an 
Ageratum,  was  placed  in  Phania  by  DeCandolle,  but  is  clearly  distinct 
from  that  genus  by  the  presence  of  a  well  developed  apical  appendage 
on  the  anthers.  DeCandolle  associated  with  it  a  second  supposed 
species,  his  Phania  trinerma,  known  to  him  only  from  one  of  Mociiio's 
sketches.  This  second  species  has  long  remained  vague,  though 
Hemsley,  Biol.  Cent.-Am.  Bot.  ii.  (1881),  surmised  its  probable  iden- 
tity with  the  earlier  species  of  Kunth.  To  the  writer  it  seems  that  this 
identity  may  now  be  stated  with  definiteness.  The  tracing  of  Mocino's 
sketch,  reproduced  in  the  Caiques  des  Dessins,  shows  no  difference 
which  may  not  be  readily  explained  by  the  crudeness  of  the  draftsman- 
ship. The  portion  of  Mexico  in  question  has  in  recent  years  been  dili- 
gently and  effectively  explored  by  several  highly  trained  collectors 
without  the  discovery  of  any  second  species  of  just  this  habit.  Finally 
it  may  be  remarked  that  the  eldest  DeCandolle  appears  to  have  known 
the  Mexican  flora  chiefly  from  the  collections  of  Mocino  &  Sesse, 
•Lagasca,  Mendez,  N^e,  and  Haenke  and  on  several  occasions  rede- 
scribed  unconsciously  the  species  of  Kunth,  seeming  never  to  have  had 
adequate  opp>ortunities  to  examine  the  series  of  plants  collected  by 
Humboldt  and  Bonpland. 

The  type  of  0.  glanduliferus  presents  a  curious  confusion  of  more 
technical  than  practical  importance.  The  species  was  first  distin- 
guished and  named,  though  not  described,  by  Schultz-Bipontinus,  who 
on  herbarium  sheets  noted  a  typical  bluish-flowered  form  and  a  white- 
flowered  condition,  which  he  labelled  v'ar.  albiflorum  Sch.  Bip.  It  was 
this  white-flowered  variety  wlxich  Hemsley  later  described  as  Ageratum 
^landtiliferum  Sch.  Bip.  and  which  accordingly  becomes  ipso  facto  the 
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type  of  the  species.  Further  collection  may  show  the  two  forms  suffi- 
ciently marked  to  make  it  worth  while  to  distinguish  them  by  name, 
in  which  event  it  would  be  the  blue-flowered  one  which  would  have  to 
be  given  a  new  designation  thus  reversing  the  treatment  of  Schultz,  the 
original  author,  whose  manuscript  names,  though  critical  have  no 
nomenclatorial  status  since  unaccompanied  by  published  descriptions. 
However,  the  distinction  seems  to  be  here  scarcely  of  taxonomie 
moment.  The  bluish  color  appears  to  be  in  this  genus  paler  and  in 
drying  much  less  permanent  than  in  Ageratum  or  Alomia  so  that  in 
any  but  very  fresh  or  recent  and  carefully  dried  material  a  sharp  dis- 
tinction would  scarcely  be  possible. 

The  technical  distinctions  of  Oxylohus  are  chiefly  in  the  form  of  the 
corolla,  which  has  a  relatively  slenderer  proper  tube  than  is  usual  in 
Ageratum  and  a  more  ample  and  abruptly  expanded  throat.  The 
lobes  of  the  limb  are  not  so  uniformly  acute  as  the  generic  name  would 
suggest,  yet  they  are  longer  and  more  widely  spreading  than  in  the 
nearly  related  genera.  The  pappus  is  uniformly  short  and  its  scales 
are  so  deeply  and  irregularly  cleft  that  their  number,  though  not  large, 
becomes  indefinite. 

OXYLOBUS  Moc.  (Nomen  ab  6{us,  acvJtiLS,  et  Xoj86s,  hlmSj  dentes- 
coroUae  limbi  alludens.)  Capitula  homogama  parva  vel  mediocria. 
Involucrum  subcylindrati-  vel  infundibuliformi-campanulatum,  squa- 
mis  ovato-  vel  lanceolato-oblongis  acutis  dorso  glandulari-tomentellis 
subherbaceis,  costis  pluribus  obscuris  vel  nuUis.  Receptaculum 
planiusculum  nudum.  CoroUae  tubus  proprius  gracilis,  faucibus 
campanulato-cylindratis  abrupte  ampliatis,  limbi  dentibus  oblongis^ 
vel  anguste  ovatis  plerisque  acutiusculis  patentibus.  Antherae  apice 
cum  appendice  membranacea  ovata  munitae  basi  rotundatae.  Achae- 
nia  graciliter  prismatica  5-angularia  deorsum  leviter  decrescentia  in 
angulis  sursum  scabrata  basi  callosa.  Pappus  e  squamulis  5-10  inae-* 
qualibus  plerisque  acutis  et  fimbriatis  comp>ositus  achaenio  multo 
brevior.— Moc.  ex  DC.  Prod.  v.  115  (1836);  Gray,  Proc.  Am.  Acad. 
XV.  25  (1879);  Matt,  Leopoldina,  xx.  75  (1884);  Robinson  &  Green-^ 
man,  Proc.  Am.  Acad.  xli.  272  (1905).  Phania  Sect.  Oxylohus  (Moc.) 
DC.  Prod.  V.  115  (1836);  Endl.  Gen.  367  (1838).  Ad  Ageratum 
allocatus,  Benth.  &  Hook.  f.  Gen.  ii.  242  (1873);  Hemsl.  Biol.  Cent.- 
Am.  Bot.  ii.  80  (1881);  Hoffm.  in  Engl.  &  Prantl,  Nat.  Pflanzenf.  iv. 
Ab.  5, 137  (1890).  In  CareUam  injectus,  Ktze.  Rev.  Gen.  i.  325  (1891). 
—  Suffrutices  decumbentes  ramosi  vel  simplices.  Folia  opposita 
subcoriacea    sempervirentia    obtusa    crenulata    tenuiter    reticulato- 
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2767  (hb.  Gray.) ;  in  rupibus  frigidulis  Sierrae  de  las  Cruces,  Pringle, 
n.  4290  (hb.  Gray.) ;  in  monte  igniv.  Popocatepetl  in  regione  pinorum, 
Galeotti,  n.  2380  (hb.  Kew.). 

2.  O.  GLANDUUFERUS  (Sch.  Bip.)  Gray,  suffrutex  ramosus  1-1.3  m. 
altus  sordide  glanduloso-tomentosus;  ramis  ascendentibiis  foliosis, 
intemodiis  superioribus  3-5  cm.  longis  inferioribus  vix  1  cm.  longis; 
foliis  inferioribus  oblongis  obtusis  basi  subtnincatis  vel  abrupte  ro- 
tundatis  crenatis  utrinque  viridibus  pilosellis  margine  glandulari- 
tomentellis  2-3  cm.  longis  1-1.8  cm.  latis  ad  7  mm.  longe  petiolatis, 
foliis  superioribus  basi  subcuneato-angustatis  subsessilibus;  cymis 
compositis  trichotomis  paucicapitulatis;  capitulis  majusculis  ca.  75- 
floris;  involucri  plus  minus ve  5-angulati  6  mm.  diametro  et  alti 
squamis  exterioribus  ovato-oblongis  acuminatis  glanduloso-puberulis 
ca.  7  mm.  longis;  interioribus  oblanceolato-linearibus;  coroUis  5.6  mm. 
longis,  tubo  proprio  ca.  2  mm.  longo  ad  junctionem  faucium  pilosulo, 
faucibus  infundibuliformibus  ca.  2  mm.  altis,  dentibus  limbi  1.6  mm. 
longis  oblongis  acutiusculis;  achaeniis  gracilibus  3-3.5  mm.  longis; 
pappi  squamulis  5  vel  pluribus  oblongis  0.7  mm.  longb  margine  lacera- 
tis  basi  plus  minusve  connatis. —  Proc.  Am.  Acad.  xv.  26  (1879),  sine 
char.;  Klatt,  Leopoldina,  xx.  75  (1884).  Ageratum  glandidiferum 
Sch.  Bip.  exHemsl.  Biol.  Cent.-Am.  Bot.  ii.  82  (1881),  ubi  descriptum. 
A.  glanduliferum,  var.  cdbiflorum  Sch.  Bip.  ex  Gray,  1.  c.  Oxylobus 
glanduliferusy  var.  albifljorus  (Sch.  Bip.)  Klatt,  1.  c.  Carelia  glandulifera 
(Sch.  Bip.)  Ktze.  Rev.  Gen.  i.  325  (1891).  —Mexico:  Sempoaltepec, 
Liebmann^  n.  238  (hb.  Gray.),  specimen  typicum,  i.  e.  specimen  a  quo 
descriptio  principalis  a  cl.  Hemsleyo  derivata  est  (=  etiam  var. 
cdbiflorum  Sch.  Bip.);  Oaxaca,  prope  Sierram  de  San  Felipe,  alt.  2900- 
3350  m.,  Nelson,  n.  1112  (hb.  Gray.),  in  summis  rupibus,  Sierra  de  San 
Felipe,  alt.  3175  m.,  Pringle,  n.  4833  (hb.  Gray.,  hb.  J.  D.  Sm.);  sine 
loco  indicate,  Linden,  n.  1155  f.  Klatt. 

Nota. —  Specimen  in  hb.  Kew.  ex  "Venezuela  &c.,  Funcke  <^  ScfUim,  n. 
1155'*  videtur  forta^se  lapsu  pennae  vel  transpositione  schedularum  pro  Linr- 
den,  n.  1155,  specimen  verum  hujus  species  ut  videtur  ex  regione  normali  mex- 
icana.  Idem  est  sine  dubitatione  id  quod  cl.  Hemsleyius,  1.  c.  82,  "  Fendler^ 
n.  1155"  per  errorem  scripsit.  Species  ergo  in  Venezuela  adhuc  non  certe 
demonstrata. 

3.  O.  adscendens  (Sch.  Bip.)  Robinson  &  Greenman,  perennis 
decumbens  subherbaceus  2.5-5  dm.  altus  basi  prostratus  radicans 
foliosus;  caule  tereti  curvato-ascendenti,  intemodiis  erectis  3-4 
longis  usque  ad  1-2  dm.  longitudine  glanduloso-puberulis;  foliis  imis 
spatulatis  3^  cm.  longis  1-2  cm.  latis  crenulatb  basi  in  petiolum  ad 
1.5  cm.  longum  cuneatim  attenuatis  supra  laete  viridibus  subtus  palUde 
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viridibus  venulosis  glabriusculis;  foliis  caulinis  oppositis  reraotis 
oblanceolato-oblongis  sessibilus  margine  glanduloso-puberulis;  cymis 
terminalibus  compositis  densis  ca.  4  cm.  diametro;  capitulis  ca.  35- 
floris;  involucri  5-6  diametro  aeque  alti  squamis  exterioribus  anguste 
oblongis  acutis  dorso  sordide  glanduloso-tomentosis  interioribus  lineari- 
bus;  corollis  3-7  mm.  longis  glabris,  tubo  proprio  1.5  mm.  longo  fauces 
campanulatas  aequanti;  achaeniis  2.8  mm.  longis  deorsum  leviter 
decrescentibus  in  angulis  sursum  scabratis;  pappi  squamulis  pluribus 
angustis  fimbriatis  0.5  mm.  longis. —  Proc.  Am.  Acad.  xli.  272  (1905). 
Ageratum  adscendens  Sch.  Bip.  ex  Benth.  &  Hook.  f.  Gen.  ii.  242  (1873), 
nomen;  Hemsl.  Biol.  Cent.-Am.  Bot.  ii.  80  (1881),  ubi  descriptum; 
Klatt,  Leopoldina,  xx.  75  (1884).  Carelia  adscendens  (Sch.  Bip.) 
Ktze.  Rev.  Gen.  i.  325  (1891). —  Mexico:  in  monte  Orizaba  ad  Va- 
queriam  de  Jacal,  alt.  3050-3660  m.,  Liebmann,  n.  214  (hb.  Kew.,  hb. 
Gray.);  alt.  3660  m..  Linden,  n.  489  (hb.  Kew.);  Puebla,  in  monte 
igni V.  Ixtaccihuatl  in  graminosis  prope  marginem  superiorem  sil varum, 
Purpus,  n.  1497  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.);  in  civitate  Mexico, 
in  pascuis  altis  Deserto  Viejo,  Bourgeau,  n.  839  (hb.  Kew.,  hb.  Gray.), 
in  Serrania  de  Ajusco  in  declivitatibus  patentibus,  alt.  2300  m., 
Pnngle,  n.  6612  (hb.  Gray.,  hb.  U.  S.  Nat.  Mus.,  hb.  J.  D.  Sm.); 
Hidalgo,  in  graminosis  humidis  Sierrae  de  Pachuca,  alt.  3050.,  Pringle, 
n.  9841  (hb  Gray.,  hb.  U.  S.  Nat.  Mus.);  Vera  Cruz,  in  Cordillera, 
Gcdeottiy  n.  2160  (hb.  Kew.);  sine  loco  indicato,  Ehrenberg,  n.  463a 
(hb.  U.  S.  Nat.  Mus.). 


Index  Exsiccatarum. 
Ag.  =  Ageratum.    Al.  =  Alomia.    Ox.  =  Oxylobus. 


Abbott,  Ag.  conyzoidea  L. 
Alvarez,  751  =  Ag.  albidum  (DC.) 

Hemsl. 
Anderssox,  Ag.  IcUifolium  Cav.,  v. 

galapageium    Robinson. 
Andrieux,      287  =  Ag.     pcdeaceum 

(Gay)  Hemsl.;  543  =  Ag.  albidum 

(Dd)  Hemsl. 
Baker,    2021  =  Ag.    conyzoides    L.; 

2220  =  Ag.  scabriusculum  (Benth.) 

Hemsl. 
Ball,  Ag.  conyzaides  L. 
Bang,  407  partim  =:  Ag.  conyzoides 

L.,  partim  ^  Ag.  conyzoides  L.,  v. 

inaequipalecuxum  Hieron. 
Baur,  Ag.  lati/olium  Cav.,  v.  galapa- 
geium Robmson. 
Bennett,  Ag.  littorale  Gray. 


Bertero,  Ag.  domingense  Spreng. 
Beyrich,  Ag.  conyzoides  L.,  Ag.  fas- 

tigiata  (Gardn.)  Benth. 
Bilimek,  488,  579  »  A^  aUUa  Hemsl. 
BiNOT,  15  =«  Ag.  conyzoides  L. 
Blanchet,  2754 = a/. /o/io«a  (Gardn.) 

Benth.   &   Hook,   f.;    3123  =  Al. 

heterolepis  (Bak.)  Robinson;   3700 

=  Ag.  micropappupi  Bak. 
Blodget,  Ag.  litlorale  Gray. 
Botteri,  623  =  Al.  echioides  (Less.) 

Robinson. 
Botteri    &    Sumicrast,    524  =■  Al, 

isocarphoides  (DC.)  Robinson. 
Bourgeau,    719  =  Ag.    corymbosum 

Zuccag.;       839  »  Ox.    adscendens 

(Sch.  Bip.)  Robinson  &  Greenman; 

1216  =  Al.  alata  Hemsl.;    1557  - 
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Ag.    Hovstonianum    Mill.;     2393, 

3207  =  Al.  echioides  (Less.)  Rob- 
inson. 
Brandegee,  Ag.  corymbosum  Zuccag. 
Brenes,     14,     491  =  Ag.    Oeratedii 

Robinson. 
Britton,   E.   G.,   6375  =  Ag.  cony- 

zoides     L.,     v.     inaequipcdeaceum 

Hieron.;    sine    num.    Ag.    kUifo- 

Hum  Cav. 
Britton     &     Cowell,     927  =  Ag. 

conyzoides  L. 
Britton  &  Millspaugh,  2240  =  Ag. 

latifolium  Cav. 
Broadway,  Ag.  conyzoides  L. 
Brown    &   Brown,    31a,   51  =  Ag. 

conyzoides   L.;     254  =  Ag.    Hous- 

tonianum  Mill. 
Brunet,  24  =  Al.  fastigiata  (Gardn.) 

Benth. 
Buchanan,  740  =  Ag.  conyzoides  L. 
BucHTiEN,  1456  '^  Ag.  conyzoides  L. 
BuRCHELL,  854  =  Ag.  conyzoides  L. 
Chapman,  49  =»  Ag.  littorcde  Gray. 
Chatterjee,  Ag.  Houstonianum  Mill. 
Claussen,     Al.    foliosa     (Gardn.) 

Benth.  &  Hook.  f. 
Clute,     190  =  Ag.     Houstonianum 

Mill. 
Combs,  59  =  Ag.  conyzoides  L. 
Conzatti  &   GonzAlez,   542  =  Ag. 

albidum  (DC.)  Hemsl. 
Cook   &   Doyle,   277  =  Al.   micro- 

carpa  (Benth.)  Robinson. 
Cook  &    Griggs,   560  '^  Ag.  cony- 
zoides L. 
Cooper  (distrib.  J.  D.  Sm.),  5824  = 

Ag.  conyzoides  L. 
Coulter,    247,    248  =  Ag.    corym- 
bosum Zuccag. 
Cuming,  2362,  2419  =  Ag.  conyzoides 

L. 
CuRTiss,  77  —  Ag.  conyzoides  L.,  v. 

imiequipaleaceum  Hieron.;    650  = 

Ag.  mantimum  HBK.;   1163,  5446 

=^  Ag.  litiorale  Gray. 
Darwin,    Ag.    latifolium    Cav.,    v. 

galapageium  Robinson. 
Deam,     330  =  Ag.     conyzoides     L.; 

6169  =  Ag.  rugosum  Coult.;   6208 

=  Ag.  rugosum  Coult.? 
Drill,  Ag.  conyzoides  L. 
Dug^s,   24,   426  =  Ag.   corymbosum 

Zuccag. 
Duss,    934,    2520,    4681    partim  = 

Ag.  conyzoides  L.;   4681  partim  = 

Ag.  Houstonianum  Mill. 


Eggers,    303  -  Ag.    conyzoides    L.; 
3445  =  Ag.  Houstonianum  Mill. 

Ehrenberg,  463a  =  Ox.  adscendens 
(Sch.  Bip.)  Robinson  &  Greemnan. 

Ervendbero,  100  =  Ag.  Housto- 
nianum Mill. 

Everett,   16  =  ^4^.  conyzoides  L. 

Fendler,  652  =  Ag.  conyzoides  L. 

Friedrichsthal,  Ag.  scabriusculum 
(Benth.)  Hemsl. 

FuERTES,  458  =  Ag.  latifolium  Cav. 

Galeotti,  2098  =  Al.  microcephala 
(Hemsl.)  Robinson;  2159  =  Ox. 
arbutifolius  (HBK.)  Gray;  2160  = 
Ox.  adscendens  (Sch.  Bip.)  Robin- 
son &  Greenman;  2200  =^  Al.  echi- 
oides (Less.)  Robinson;  2202  = 
Ag.  tomentosum  (Benth.)  Hemsl.; 
2380  =  Ox.  arbutifolius  (HBK.) 
Gray;  2451  =  Ag.  salicifolium 
Hemsl. 

Garber,  Ag.  litiorale  Gray. 

Gardner,  3809  =  Al.  angustata 
Gardn.)  Benth.;  3810  =  Al.  cin- 
erea  (Gardn.)  Benth.;  4837  =  Al. 
fastigiata  (Gardn.)  Benth.;  4838  = 
Al.  foliosa  (Gardn.)  Benth.  & 
Hook.  L;  4863  =  Al.  longifolia 
(Gardn.)    Robinson. 

Gaudichaud,  106  =  Ag.  latifolium 
Cav. 

Gaumer,  I  =  Ag.  lUtorale  Gray,  v. 
hondurense  Robinson;  20  =  Ag. 
mantimum  HBK.,  f.  calvum  Rob- 
inson; 93  =  Ag.  maritimum  HBK., 
V.  intermedium  (Hemsl.)  Robinson; 
395  —  Ag.  Gaumeri  Robinson  *  sine 
num.  =  partim  Ag.  littorale  Gray, 
V.  hondurense  Robinson,  partim 
Ag.  littorale  Gray,  v.  honaurense 
Robinson,   f.  setigerum  Robinson. 

Ghiesbreght,  111,  547  =  Ag.  to- 
mentosum (Benth.)  Hemsl. 

Glaziou,  10,980  =  Al.  myriadenia 
(Sch.  Bip.)  Bak.;  21,579  =  Al. 
dubia  Robinson. 

GoLL,  114  =  Ag.  rugosum  Coult.? 
238  =  Ag.  Houstonianum  Mill. 

Gregg,  372  =  Ag.  corymbosum  Zuc- 
cag. 

Guillemin-Tarayre,  Ag.  corym- 
bosum Zuccag. 

Haenke,  Al.  isocarphoides  (DC.) 
Robinson. 

Hahn,  1190  =  Ag.  conyzoides  L. 

Hartweg,  142  =  Ag.  corymbosum 
Zuccag.,  V.  euryphyllum  Robinson. 
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Heller,  542,  1999, 6143;  =  Ag.  cony- 
zaides  L. 

Henry,  9094  =  Ag.  conyzoides  L. 

Heyde,  530  =  Ag.  conyzoides  L. 

Heyde  &  Lux  (distrib.  J.  D.  Sm.), 
3781  =  Ag.  conyzoides  L.;  4228 
—  Ag.  elachycarpum  Robinson; 
4243  =  Ag. rugosum ComM,]  6153  = 
Al.  guatemalensis  Robinson. 

HiLDEBRANDT,  3304a,  3500  =  Ag. 
conyzoides  L. 

HoLST,  8860  =  Ag.  conyzoides  L. 

HoLWAY,  3509,  5235  -  Ag.  corym- 
bosum  Zuccag.,  v.  latifolium  (DC.) 
Robinson. 

Hooker  f.tAg.  conyzoides  L. 

Hooker  f.  &  Thompson,  Ag.  cony- 
zoides L. 

Humboldt  &  Bonpland,  1273  = 
Ag.  marUimum  HBK.;  3949  =  Al. 
ageraioides  H^K.\  sine  num.  Ag. 
corymbosum  Zuccag,,  v.  latifolium 
(DC.)  Robinson,  Ox.  arhutifolius 
(HBK.)  Gray. 

JoAD,  Ag.  conyzoides  L. 

Jenman,  5398  =  Ag.  conyzoides  L. 

King  (legulus  cl.  Kingii),  11  =  Ag, 
conyzoides  L. 

KoTscHY,  327  =  Ag.  conyzoides  L. 

Kralik,  Ag.  conyzoides  L. 

KuNTZB,  Al.  fastigiata  (Gardn.) 
Benth. 

Lanolass^,  310  =  Ag.  saticifolium 
Hemsl. 

Lehmann,  3600,  3601,  4666  ^^  Ag. 
conyzoides  L.,  v.  inaequipaleaceum 
Hieron. 

Liebmann,  76  =  Ox.  arhutifolius 
(HBK.)  Gray;  82,  83,  84  =  Al. 
ageraloides  HBK^  143,  144  «  Al. 
echioides  (Less.)  Robinson;  147  =■ 
Al.  Wendlandii  (Sch.  Bip.)  Robin- 
son; 212,  213  =  Ox.  arhutifolius 
(HBK.)  Gray;  214  «  Ox.  ad- 
scendens  (Sch.  Bip.)  Robinson  & 
Greenman;  238  =  Ox.  glanduti- 
ferus  (Sch.  Bip.)  Gray. 

Linden,  349  =  i4Z.  microcarpa 
(Benth.)  Robinson?  489  =  Ox. 
adscendens  (Sch.  Bip.)  Robinson 
&  Greenman;  1121  =  Ox.  arhutifo- 
lius (HBK.)  Gr&y;  ll55^0x.glan- 
duliferus  (Sch.  Bip.)  Gray;  1156 
=  i4i.  echioides  (Less.)  Robinson; 
1185  *=  Ag.  tomentosum  (Benth.) 
Hemsl. 

Lund,  Al.  fastigiata  (Gardn.)  Benth. 


LuscHNATH,  Ag.  conyzoides  L. 

Malme,  1678  ^  Al.  Regnellii  Malme. 

March,  Ag.  latifolium  Cav. 

Martius,  672  =  Ag.  conyzoides  L. 

Maxon  &  Hay,  3487  =  Ag.  cony- 
zoides L. 

Merrill,  35,  563,  1955  =»  Ag.  cony* 
zoides  L. 

Moore,  469  =  Ag.  conyzoides  L. 

MtJLLER,  1129  =  Al.  echioides  (Less.) 
Robinson. 

N6e,  Ag.  latifolium  Cav. 

Nelson,  28^^^  Ox. arhutifolius  (HBK.) 
Gray;  858  —  Al.  microcephala 
(Hemsl.)  Robinson;  991  =  Ag.sta- 
chyofolium  Robinson;  1112  =  Ox. 
glartduliferus  (Sch.  Bip.)  Gray; 
1208  =  Ag.oMdum  (DC.)  Hemsl.; 
1213  =  Ag.  tomentosum  (Benth.) 
Hemsl.;  1446  ^  Ag.  paleaceum 
(Gay)  Hemsl.;  2822a  =  Ag.  albi- 
dum  (DC.)  Hemsl.,  v.  Netsonii 
Robinson;  3528  =  Al.  platylepis 
Robinson;  3542  =  Ag.  conyzoides 
L.;  5006  —  Ag. corymbosum  2uccag. 

Nichols,  33  =  ilg.  Houstonianum 
Mill. 

Oersted,  241,  247,  248  =  Al.  micro- 
carpa (Benth.)  Robinson;  251  =  Ag, 
Oerstedii  Robinson;  sine  num.  = 
partim  Ag.  scabriu^culum  (Benth.) 
Hemsl.,  partim  Ag.  tomentosum 
(Benth.)  Hemsl. 

Palmer  (anno  1874)  192  =  Ag.  lit- 
torale  Gray;  (anno  1880)  427  par- 
tim —  Ag.  corymbosum  Zuccag.,  v. 
europhyllum  Rohinaon;  427  partim, 
428  =»  Ag.  corymbosum  Zuccag.; 
(anno  1885)  31  =  Ag.  corymbo- 
sum Zuccag.,  f.  album  Robinson; 
110  =  Ag.  corymbosum  Zuccag.,  v. 
longipetiolaium  Robinson;  (anno 
1886)  289  =  partim  Ag.  corym- 
bosum Zuccag.,  partim  Ag.  satici- 
folium Hemsl.;  290,  351  =  Ag. 
corymbosum  Zuccag.,  v.  jaliscense 
Robinson,  f.  Uictiflorum  Robinson; 
437  partim  —  Ag.  platypodum 
Robinson;  715  ^Ag.  corymbosum 
Zuccag.,  V.  jaliscense  Robinson; 
(anno  1891)  1587  =  Ag.  corym- 
bosum, V.  latifolium  (DC.)  Rob- 
inson; (anno  1892)  1834  =  Ag, 
latifolium  Cav.;  1850,  1890  = 
Ag.  conyzoides  L.;  2066  —  Ag, 
Houstonianum  Mill.;  (anno  1896) 
506  =  Ag,    corymbosum    Zuccag.; 
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(anno  1898)  307  =  Ag.  corym- 
bosum  Zuccag.;  (anno  1902)  101 
^  Ag.  corymbosum  Zuccag.,  v. 
euryphyUum  Robinson;  382  —  Ag. 
corymbosufn  Zuccag.,  v.  avbaeti' 
Jerum  Robinson;  (anno  1904) 
154 i,  387  =  Ag.  corymbosum  Zuc- 
cag.; (anno  1906)  486  =  Ag. 
corymbosum  Zuccag. 

Palmer  &  Riley,  65  =  Ag.  Hous- 
tonianum  Mill.;  712,  739  =  Ag. 
maritimum  HBK.;  1068  =  Ag. 
canyzoides  L. 

Parrt  &  Palmer,  315  —  Ag.  corym- 
bosum Zuccag.,  V.  euryphyUum 
Robinson;  317  =  Ag.  corymbosum 
Zuccag.;  318  =  Ag.  corymbosum 
Zuccag.,  V.  euryphyUum  Robinson. 

Peck,  80  =  Ag.  Peckii  Robinson; 
99  ^  Ag.  radicans  Robinson. 

PiTTiER,  1891  =  Ag.  con'yzoides  L.; 
2390,  3415,  3533,  4139  =  Al.  mi- 
crocarpa  (Benth.)  Robinson;  4914 
=»  ^(7.  ripanum  Robinson;  6995  = 
Ag.  Houstonianum  Mill. 

PoHL,  358  =  Al.  Pohlii  (Sch.  Bip.) 
Bak.;  371,  535  =  Al.  fastigiata 
(Gardn.)  Benth.;  669  =  Al.foliosa 
(Gardn.)  Benth  &  Hook.  f. 

Pollard,  Collins  &  Morris,  12  = 
Ag.  littorale  Gray. 

Pringle,  669  =  partim  Ag.  corym- 
bosum Zuccag.,  partim  Ag.  corym- 
bosum Zuccag.,  I.  album  Robinson; 
2166  =  AL  caUosa  (Wats.)  Rob- 
inson; 3599  =  Ag.  corymbosum 
Zuccag.,  V.  latifolium  (DC.) 
Robinson;  4290=  Ox.  arbutif alius 
(HBK.)  Gray;  4739  =  Al  caUosa 
(Wats.)  Robinson;  4816  =  Ag. 
lUbidum  (DC.)  HemsL;  4833  = 
Ox.  glanduLiferus  (Sch.  Bip.)  Gray; 
5675  —  Ag.  pcdeaceum  (Gay) 
Hemsl.;  5786  =  Ag.  tomentosum 
(Benth.)  Hemsl.;  6177  =  Ag.  pa- 
leaceum  (Gay)  Hemsl.;  6229  = 
Al.  alata  Hemsl.;  6234  =  Ag. 
salicifolium  Hemsl.;  6267  =  Ag. 
tomentosum  (Benth.)  Hemsl.;  6612 
=  Ox.  adscendens  (Sch.  Bip.)  Rob- 
inson &  Greenman;  6754  —  Ag. 
tomentosum  (Benth.)  Hemsl.;  7851 
^  Ag.  lucidum  Robinson;  8065  = 
Ag.  Houstonianum  Mill.;  8362  = 
Ag.  lucidum  Robinson;  8555  = 
Ox.  arbuHfolius  (HBK.)  Grav; 
9045  =  Ag.    salicifolium    Hemsl.; 


9047  =  Ag.  corymbosum  Zuccag.; 
9353  =  Al.  caUosa  (Wat«.)  R^ 
inson;  9522  ^  Ag.  tomentosum 
(Benth.)  Hemsl.;  9542  =  Ag. 
corurnbosum  Zuccag.,  f.  albwn 
Robinson;  9841  =  Ox.  adscendens 
(Sch.  Bip.)  Robinson  <&  Greenman; 
9842  ^  Ag.  corymbosum  Zuccag.,  v. 
latifolium  (DC.)  Robinson,  f.  al' 
biflorum  Ilobinson;  9843  =  Ag. 
corymbosum  Zuccag.,  v.  latifolium 
(DC.)  Robinson;  9844  =  Ag.  lu- 
cidum  Robinson;  9845  ^^  Ag.  salici- 
folium Hemsl.;  9846  =  Al.  aUUa 
Hemsl.;  11,819  =  Al.  Wendlandii 
(Sch.  Bip.)  Robinson;  11,898  =  Ag. 
salicifolium  Hemsl. ;  13,022  =^  Ag. 
lucidum  Robinson. 

PuRPUS,187  =0x.  arbutifolius  (HBK.) 
Gray;  1179  =  Ag.  tomentosum 
(Benth.)  Hemsl.;  1497  =  Ox.  ad- 
scendens (Sch.  Bip.)  Robinson  & 
Greenman;  1565  =  Ag.  corymbo- 
sum Zuccag.;  1567  =  Ox.  arbuti- 
folius (HBK.)  Gray;  1870  =  Ag. 
tomentosum  (Benth.)  Hemsl.;  2199 
^  Al.  echioides  (Less.)  Robinson; 
2547  =  Ag.  tomentosum  (Benth.) 
Hemsl.;  2767  =  Ox.  arbutifolius 
(HBK.)  Gray;  4561  =  Ag.  corym- 
bosum Zuccag.;  4814  =  Ag.  to- 
mentosum (Benth.)  Hemsl. 

Ramos,  2086  —  Ag.  canyzoides  L. 

Regnell,  III  675  =  Ag.  conyzoides  L. 

Remy,  229  —  Ag.  conyzoides  L. 

Renson,   190  —  Ag.  conyzoides  L. 

RiCKSECKER,  250  b,  430  =  Ag.  cony- 
zoides L. 

RiEDEL,  711,  959  =  Al.  fastigiata 
(Gardn.)  Benth.,  1346  =  Ag.  cony- 
zoides L. 

Rose,  2538  —  Ag.  corymbosum  Zuc- 
cag., f.  album  Robinson;  2585  = 
Ag.  corymbosum  Zuccag.,  v.  Jali- 
scense  Robinson,  f .  lactiflorum  Rob- 
inson; 2739  =  Ag.  corymbosum 
Zuccag.,  V.  euryphyUum  Robinson. 

Rose  &  Hay,  5738.  5760  =  Ox. 
arbutifolius  (HBK.)  Gray. 

Rose,  Painter  &  Rose,  9631  =  Ag. 
corymbosum  Zuccag. 

RuDio,  Ag.  conyzoides  L.;  Ag.  Hous- 
tonianum Mill. 

RusBY,  1642, 1643  =  Ag.  conyzoides  L. 

SallA,  Al.  echioides  (Less.)  Robinson. 

Salvin  &  Godman,  48  =  il^.  rugo- 
sum  Coult. 
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Sartorius,  Al.  echioides  (Leas.)  Rob- 
inson;   Ag.  Houstonianum  Mill. 

ScHAPPNBB,  202,  293  ^  Ag.  corym- 
bosum  Zuccag. 

ScHiEDE,  304  =  Al.  echioides  (Less.) 
Robinson;  sine  num.  Ag.  Houa- 
tonianum  Mill. 

SCHOMBURGK,  RiCH.,  488   =*  Ag.  SCOT- 

pioideum  Bak. 

ScHOMBURGK,  RoB.,  353  ^  Ag.  scor- 
pioideum  Bak. 

Schumann,  40b  ^  Ag.  corymbosum 
Zuccag. 

Seaton,  55  =  i4^.  Houstonianum  Mill. ; 
237  =  0x.  arhutifoliua  (HBK.)  Gray; 
346, 358  =  Ag.  tamentosum  (Benth.) 
Hemsl. 

Seem  ANN,   267  ==  Ag.   conyzoides   L. 

Sello,  119  =  Al.  myriadenia  (Sch. 
Bip.)  Bak.:  120,  122  =  Al.  fasti- 
giata  (Gardn.)  Benth. 

Shafer,  207  =  Ag.  conyzoides  L.; 
1099  =»  partim  Ag.  maritimum 
HBK.,  partim  Ag.  maritimum,  f. 
calvum  Hobinson. 

Shannon  (distrib.  J.  D.  Sm.),  600  = 
Ag.  conyzoides  L. 

Shufbldt,  101  —  Ag.  conyzoides  L. 

Simpson,  246  ==  Ag.  liitorale  Gray. 

Sinclair,  Ag.  petiolaium  (Hook.  & 
Am.)  Hemsl.;  Ag.  salicifolium 
Hemsl.;  Ag.  scabriusculum  (Benth.) 
Hemsl. 

SiNTENis,  59,  3661,  5816  =  Ag.  cony- 
zoides L.;  5874  —  Ag.  conyzoides 
L.,  f.  album  (WUld.)  Robmson. 

Smith,  C.  L.,  145  -  Ag.  Housto- 
nianum MiJl.;  365  —  Ag.  aUndum 
(DC.)  Hemsl.;  594=  Ag.  paleaceum 
(Gay)  Hemsl.  979  =  Ag.  Housto- 
nianum Mill. 

Smith,  H.  H.,  523  -  Ag.  conyzoides 

Smith,  H.  H.  &  G.  W.,  543  =  Ag. 
conyzoides  L. 

Smith,  L.  C,  277  =  Ag.  paleaceum 
(Gay)  Hemsl.;  285  =^  Ag.  tomen- 
tosum  (Benth.)  Hemsl.;  424  = 
Ag.  aJhidum  (DC.)  Hemsl. 

Snodgrass  &  Heller,  423  »  Ag. 
latifolium  Cav.,  v.  gcdapageium 
Robinson. 


Stuhlmann,  Ag.  conyzoides  L. 

Taylor,  191  =»  Ag.  conyzoides  L., 
V.  inaequipaleaceum  Hieron. 

Thieme  (distrib.  J.  D.  Sm.),  5323  - 
partim  Ag.  conyzoides  L. 

Thomas,  AI.  echioides  (Less.)  Robin- 
son. 

ToNDUz,  4139  =  Ag.  laUfolium  Cay.; 
7281,  8479, 10,816=  Al.  microcarpa 
(Benth.)  Robinson. 

Triana,  1157  =  Ag.  latifolium  Cav. 

Tuerckheim,  H.  von  (distrib.  J.  D. 
Sm.),  488  =^  Ag.  conyzoides  L.: 
II  999  =  Ag.  conyzoides  L.;  II 
2051  ^  Ag.  rugosum  Coult. 

Tweedy,  312  =  Ag.  liitorale  Gray. 

Ule,  3904  =  Al.  fastigiata  (Gardn.) 
Benth. 

Underwood  &  Griggs,  871,  872  — 
Ag.  conyzoides  L. 

Valdez,  13  =  Ag.  Gaumeri  Robinson. 

Velasco,  8967  =  Ag.  rugosum  Coult? 

Wagener,  Ag.  latifolium  Cav. 

Ward,  Ag.  corymbosum  Zuccag. 

Warming,  402  =  Al.  myriadenia  (Sch. 
Bip.)  Bak.;  sine  num.  partim  Al. 
angustaia  (Gardn.)  Benth.,  partim 
Al.  Pohlii  (Sch.  Bip.)  Bak. 

Watt,  10,431  =  Ag.  conyzoides  L. 

Whyte,  252  «  Ag.  polyphyllum  Bak. 

Wight.  26  =  Ag.  latifolium  Cav. 

Wilkes,  Ag.  conyzoides  L.;  Ag. 
conyzoides  L.,  v.  inaequipaleaceum 
Hieron. 

Williams,  Ag.  conyzoides  L. 

WiSLiZENus,  181  -  Ag.  corymbosum 
Zuccag. 

Wright,  1129  =  Ag.  corymbosum  Zuc- 
cag.; 1310  »  Ag.  conyzoides  L.; 
1631  (anno  1859-1860)  =  Ag.  lati- 
folium Cav.;  1631  (annis  1860- 
1864)  =  Ag.  maritimum  HBK.; 
2798  =  Ag.  domingense  Sprene.; 
sine  num.  Ag.  conyzoides  L.,  Ag, 
domingense  Spreng.,  Ag.  scabriuscur 
lum  (Benth.)  Hemsl. 

Wright,  Parry  &  Brummbl,  250  = 
Ag.  conyzoides  L.,  v.  inaequipalea- 
ceum Hieron. 

Zimmbrmann,  70  =  Ag.  conyzoides 
L. 

Zollinger,  23  *=  Ag.  conyzoides  L. 
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III.    SOME    NEW    COMBINATIONS    REQUIRED    BY   THE 
INTERNATIONAL  RULES. 

By  C.  A.  Weathbrby. 

While  employed  at  the  Gray  Herbarium  during  the  summer  of 
1911  I  was  engaged  in  determinative  work  and  in  the  rearrangement 
and  incidental  revision  of  certain  groups,  notably  the  Nyctaginaceae. 
In  the  course  of  these  activities  it  was  found  impossible  to  name  certain 
species  in  accordance  with  the  provisions  of  the  International  Rules  of 
Botanical  Nomenclature  without  employing  new  combinations.  I 
have  been  requested  to  put  these  names  on  published  record  and  they 
may  be  stated  as  follows: 

Nyctaginaceae. 

Oxybaphus  ciliatifolius,  n.  nom.  Oxybaphus  aggregatus  Torr. 
Bot.  Mex.  Bound.  168  (1859),  not  Vahl,  Enum.  ii.  41  (1805).  AUionia 
ciliata  Standley,  Contr.  U.  S.  Nat.  Herb.  xii.  345  (1909),  not  Oxyba- 
phm  ciliatus  Phil,  ex  Meigen  in  Engl.  Bot.  Jahrb.  xvii.  231  (1893). 

Oxybaphus  comatus  (Small),  n.  comb.  Oxybaphus  nyctagineus, 
var.  pilosus  Gray  in  Torr.  Bot.  Mex.  Bound.  174  (1859).  AUionia 
comaia  Small,  Fl.  Southeast.  U.  S.  407  (1903). 

Oxybaphus  Brandegei  (Standley),  n.  comb.  AUionia  Brandegei 
Standley,  Contr.  U.  S.  Nat.  Herb.  xii.  346  (1909). 

Oxybaphus  rotatus  (Standley),  n.  comb.  AUionia  rotaia  Stand- 
ley,  Contr.  U.  S.  Nat.  Herb.  xii.  347  (1909). 

Oxybaphus  giganteus  (Standley),  n.  comb.  AUionia  gigantea 
Standley,  Contr.  U.  S.  Nat.  Herb.  xii.  348  (1909) 

Oxybaphus  pratensis  (Standley),  n.  comb.  AUionia  pratensis 
Standley,  Contr.  U.  S.  Nat.  Herb.  xii.  351  (1909). 

Oxybaphus  Garletoni  (Standley),  n.  comb.  AUionia  Carletoni 
Standley,  Contr.  U.  S.  Nat.  Herb.  xii.  355  (1909). 

Oxybaphus  exaltatus  (Standley),  n.  comb.  AUionia  exafjtaia 
Standley,  Contr.  U.  S.  Nat.  Herb.  xii.  355  (1909). 

Oxybaphus  cardiophyllus  (Standley),  n.  comb.  Oxybaphus 
Cervaniesii  of  authors,  in  part,  not  Sweet,  Brit.  Fl.  Gard.  ser.  1,  t.  84. 
(1823).  AUionia  cardiophyUa  Standley,  Contr.  U.  S.  Nat.  Herb.  xiii. 
405  (1911). 
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Andropogon  spathiflorus  (Nees)  Kunth,  Enum.  PL  1:  496 
(1833). —  Low  pine  ridge  near  Manatee  Lagoon,  June  21,  1905,  M,  E. 
Peck,  no.  54. 

Andropogon  virginicus  L.  Sp.  PI.  2:  1046  (1753). —  Pine  ridge 
near  Manatee  Lagoon,  September  27,  1905,  M.  E.  Peck,  no.  150. 

Arundinella  Deppeana  Nees  ex  Steud.  Syn.  PI.  Gram.  115  (1854). 

—  Thicket  near  Manatee  Lagoon,  February  28,  1906,  M.  E,  Peck, 
no.  359;  river  bank,  Moho  R.,  March  16,  1907,  M,  E.  Peck,  no.  735. 
This  species  may  not  be  distinct  from  A,  peruviana  (Presl)  St^ud.  1.  c. 
as  affirmed  by  Nash  in  No.  Am.  Fl.  17:  143  (1912),  but  from  the 
material  in  the  Gray  Herbarium  it  seems  to  be  distinct. 

Leptocoryphium  lanatum  (HBK.)  Nees,  Agrost.  Bras.  84  (1829). 

—  Pine  ridge  near  Manatee  Lagoon,  August  30,  1905,  M,  E,  Peck, 
no.  137. 

DiGiTARiA  SETiGERA  Roth  ex  R.  &  S.  Syst.  Veg.  2:  474  (1817).  D. 
setosa  Desv.  ex  Hamilt.  Prodr.  PI.  Ind.  Occ.  6  (1825).  Syniherisma 
digitaium  (Sw.)  Hitchc.  Contr.  U.  S.  Nat.  Herb.  12:  142  (1908) 
based  on  Milium  digiiatum  Sw.  Prodr.  Veg.  Ind.  Occ.  24  (1788)  not 
Z>.  digitcUa  Buese  in  Miq.  PL  Jungh.  381  (1855). —  Cultivated  ground 
near  Manatee  Lagoon,  June  18, 1905,  M.  E.  Peck,  no.  44. 

Thrasya  campylostachya  (Hack.)  Chase  in  Proc.  Biol.  Soc.  Wash. 
24:  115  (1911).  Panicum  campylostachyum  Hack,  in  Oesterr.  Bot. 
Zeitschr.  61: 367  (1901). —  Pine  ridge  near  Manatee  Lagoon,  June  18, 
1905,  M.  E.  Peck,  no.  70.  This  interesting  species  originally  described 
from  Costa  Rica  seems  to  be  limited  in  its  distribution  to  the  southern 
portion  of  Central  America.  The  determination  was  kindly  verified 
by  Mrs.  Chase,  Assistant  Agrostologist  of  the  Bureau  of  Plant  Industry. 

Mesosetuxn  filifolium,  sp.  nov.  Culmi  caespitosi,  basin  versus  a 
vaginis  multis  arete  imbricatis  obtecti,  erecti,  tenues,  35-70  cm.  alti- 
tudine,  inflorescentiam  versus  puberuli  aliter  nodis  breviter  hispido- 
barbatis  exceptis  glabri.  Vaginae  radicales  squamiformes,  tumidius- 
culae,  hispidae,  abrupte  ad  folii  junctionem  contractae  babulataeque; 
eae  culmarum  elongatae  sed  internodio  breviores,  glabrae,  in  laminas 
gradatim  transeuntes.  Ligula  barbulata,  circa  0.5  mm.  longa.  Folia 
erecta,  setaceo-filiformis,  basin  versus  conduplicata,  7-28  cm.  longa, 
0.5  mm.  lata,  glabra,  ea  culmarum  reducta,  supremum  saepe  vix  1  cm. 
longum.  Inflorescentia  erecta,  4-7  cm.  longa,  5  mm.  diametro;  axis 
flexuosus  fere  capillaris,  excavationi  non  ostendentius,  puberulus 
vel  scaber;  pedicellum  breve,  hispidum.  Spiculae  patenti-erectae, 
lineari-oblongae,  apicem  versus  tenebrae,  albido-villosae,  5  mm.  longae, 
1 .5  mm.  latae ;  gluma  prima  quam  secunda  brevior  vel  earn  subaequans. 
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3-nervata,  acuta,  dense  hirsuta  villis  adpressis  apicem  glumae  super- 
antibus,  ad  basin  penicillatum  eollectis;  gluma  secunda  5-nervata, 
involuto-acuminata,  quam  lemma  sterile  paullum  longior,  hirsuta 
villosa;  lemma  sterile  dorso-concavum,  2-carinatum,  5-nervatum, 
abrupte  acuminatum,  carinis  apicem  versus  longe  villoso-penicillatis; 
lemma  fertile  5-nervatum,  ad  apicem  carinatum,  apice  hispidulo  et 
acute,  quam  palea  2-nervata  paullum  longius. —  Type  (in  the  Gray 
Herb.)  and  only  specimen  seen,  pine  ridge  near  Manatee  Lagoon, 
August  30,  1905,  M.  E.  Peck,  no.  136.  This  species  is  closely  allied 
to  M.  exaratum  (Trin.)  Chase,  but  is  taller,  much  longer  leaved,  the 
inflorescence  longer  and  the  spikelets  are  larger,  more  villous  and  with 
more  pointed  parts. 

AxoNOPUS  LAXiFLORUS  (Trin.)  Chase  in  Proc.  Biol.  Soc.  Wash.  24: 
133  (1911).  Anasirophus  laxifiorm  (Trin.)  Nash  in  No.  Am.  FI.  17: 
163  (1912).— Pine  ridge  near  Manatee  Lagoon,  July  8,  1906,  M.  E. 
Peck,  no.  464.  I  have  not  been  able  to  compare  this,  but  ex  char.  I 
believe  it  to  be  the  above. 

Paspalum  caespitosum  Fliigge,  Gram.  Monogr.  161  (1810). — 
Open  ground,  Toledo,  March  26,  1907,  M.  E,  Peck,  no.  769.  Not 
previously  reported  from  Central  America,  former  distribution  south- 
em  Florida,  Bahamas,  Jamaica,  Cuba,  Porto  Rico  and  South  America. 

Paspalum  orbiculatum  Poir.  in  Lam.  Encycl  6:  32  (1804).  P. 
ptisillum  Vent,  ex  Fliigge,  Gram.  Monogr.  100  (1810). —  Open  ground, 
Toledo,  October  1,  1906,  M.  E.  Peck,  no.  541. 

Paspalum  paniculatum  L.  Syst.  Nat.  ed.  10,  2:  855  (1759). — 
Open  ground,  Toledo,  October  1,  1906,  3f.  E,  Peck,  no.  542;  clearing 
near  Manatee  Lagoon,  February  27,  1906,  M.  E.  Peck,  no.  970.  A 
very  variable  species,  the  Peck  specimens  show  extremes  of  pilosity. 

Paspalum  Peckii,  sp.  nov.,  perenne,  dense  caespitosum,  80  cm. 
altitudine,  radicibus  fibrosis.  Culmi  erecti,  crassi,  glabri,  nodis  fuscis 
paullum  breviter  pilosis.  Vaginae  infimae  saepe  squamiformes, 
adpresse  breviter  pilosae;  superiores  imbricatae,  supra  aliquid  con- 
duplicatae,  intemodia  aequantes  vel  ea  superantes,  glabrae  sed  per 
majorem  vel  minorem  partem  longitudinis  suae  cum  marginibus 
papilloso-pilosis  et  ad  folii  junctionem  cum  annulo  piloso.  Ligula 
membranacea,  2  mm.  longa.  Folia  erecta,  rigidiuscula,  linearia, 
plana  vel  conduplicata,  longe  acuminata,  10-34  cm.  longa,  5-10  mm. 
lata,  marginibus  scabris;  lamina  subtus  glabra  vel  sparse  pilosa,  supra 
breve  pilosa  basin  versus  densius  induta,  longe  villosa  ad  basin  peni- 
cillata.  Inflorescentia  terminalis,  subdigitata,  10-15  cm.  longa,  in 
pedunculis  rigidis,   canaliculatis,   glabris   vel  sparse   hispidis  longe 
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exserta;  racemi  2-3,  saepius  3,  10-13  cm.  longi,  rhaehi  membranaceo- 
alato  1  mm.  lato,  spiculas  binas  in  ordinibus  duobus  ferente,  in  margine 
basin  versus  sparse  longeque  ciliato,  ad  axis  principalis  junctionem 
pilose,  aliter  glabro  marginibus  et  costa  media  et  pedicellis  scabris 
exceptis.  Spiculae  turgidae,  elliptici-obovatae,  acutae,  glabrae, 
albo-virides  saepe  purpureo-coloratae,  circa  2.7  mm.  longae,  1.5  mm. 
latae,  aliquando  2-florae, —  inferior  staminifera,  superior  hermaphro- 
dita;  gluma  prima  plerumque  adest,  quintam  partem  vel  etiam  dimi- 
diam  partem  spiculae  longitudine  aequans,  truncata  vel  acuminata, 
l-nervata  cum  nervo  scabro;  gluma  secunda  5-nervata,  quam  lemma 
sterile  brevior;  lemma  sterile  5-nervatum,  fructus  superans,  ad  apicem 
incrassatum  puberulumque;  palea  sterilis  aliquando  adest,  indurata; 
fructus  ellipsoidalis,  circa  2.2  mm.  longus,  1.4  mm.  latus. —  Type 
(in  the  Gray  Herb.)  and  only  specimen  seen,  pine  ridge  near  Manatee 
Lagoon,  July  18,  1905,  M,  E,  Peck,  no.  71.  P.  Peckii  belongs  to  the 
section  Monostachya  and  is  most  nearly  allied  to  P.  pUosum  Lam. 
{Panicum  monostachyum  HBK.  not  Paspalum  manostachyum  Vasey), 
but  differs  from  it  in  the  greater  number  of  racemes  [P.  piloaum  occa- 
sionally has  2,  but  usually  only  1],  the  longer  less  pubescent  leaf-blades 
and  the  thinner  sterile  lemma.  I  wish  to  thank  Mrs.  Chase  for  her 
kindness  in  comparing  the  Peck  specimen  with  the  material  at  Wash- 
ington and  for  her  notes  relating  to  its  difference  from  other  species 
of  this  group. 

Paspalum  pectinatum  Nees,  Agrost.  Bras.  34  (1829). —  Pine  ridge, 
Ycacos  Lagoon,  March  1,  1907,  M,  E.  Peck,  no.  680.  Determined  by 
Mrs.  Chase  who  states  that  they  have  (in  Washington)  only  one  North 
American  collection  of  this  sj>ecies,  Costa  Rica,  Biolley,  no.  2651.  P. 
pectinatum  is  a  South  American  species. 

Paspalum  pedunculatum  Poir.  in  Lam.  Encycl.  Suppl.  4:  315 
(1816). —  Pine  ridge  near  Manatee  Lagoon,  August  8,  1905,  M,  E, 
Peck,  no,  110. 

Paspalum  pulchellum  HBK.  Nov.  Gen.  et  Spec.  1:  90,  t.  26 
(1816). —  Pine  ridge  near  Manatee  Lagoon,  July  31,  1905,  M.  E.  Peck, 
no.  86.  Previously  reported  from  Cuba,  Hispaniola,  Barbados  and 
South  America;  new  for  Central  America. 

Paspalum  Schreberianum  (Fliigge)  Nash  in  No.  Am.  Fl.  17:  190 
(1912). —  Wet  pine  ridge  near  Manatee  Lagoon,  July  18,  1905,  M.  E. 
Peck,  no.  69  a.  Determined  by  Mrs.  Chase.  The  specimen  (in  the 
Gray  Herb.)  consists  of  two  inflorescences  which  were  tied  with  no.  69, 
Paspalum  Uiiderwoodii  Nash,  and  extends  the  range  to  Central  America 
as  the  former  distribution  was  the  West  Indies  and  South  America. 
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formes,  glabrae,  superiores  breves,  circa  2  cm.  longae,  patente 
papilloso-pilosae,  abrupte  ad  folii  junctionem  contractae.  Ligula 
membranacea,  brevissima,  0.25  mm.  longa.  Folia  erecta,  rigidiuscula 
linearia,  subtus  plana  apicem  versus  involuto-setacea,  5-14  cm.  longa, 
1-2  mm.  lata,  lamina  utrinque  papilloso-pilosa.  Paniculae  terminales, 
solitariae  vel  per  occasionem  cum  secunda  breviori  ex  axe  eodem  pro- 
ducta,  breve  exsertae  vel  ad  basin  inclusae,  plerumque  bractea  parva 
setiforme  suffultae,  circa  1  cm.  longae,  2-4  mm.  diametro,  5-7-spicu- 
latae,  axe  pedicelloque  scabris.  Spiculae  obtusae,  turgidae,  paullura 
ad  basin  attenuatae,  2  mm.  longae,  circa  1.5  mm.  latae,  valde  nervatae; 
gluma  prima  quam  spicula  duplo  brevior,  3-nervata,  acuta;  gluma 
secunda  9-nervata,  lemma  sterile  9-nervatum  aequans;  fructus  ellip- 
soidalis,  acutus,  circa  1.7  mm.  longus,  1  mm.  latus,  paullum  glumam 
secundam  et  lemma  sterile  superans. —  Type  (in  the  Gray  Herb.)  and 
only  specimen  seen,  low  pine  ridge,  Ycacos  Lagoon,  March  5,  1907, 
M.  E.  Peck,  no.  681.  This  species  belongs  to  the  small  section  Tenera 
as  characterized  in  Hitchc.  &  Chase,  Contr.  U.  S.  Nat.  Herb.  16:  97 
(1910).  It  is  very  similar  to  P.  stenodes  Griseb.  and  P.  caricoides  Nees, 
but  differs  from  the  former  in  having  pilose  culms,  sheath  and  leaves 
and  larger  spikelets;  from  the  latter  it  differs  very  noticeably  in  the 
absence  of  long  stiff  hairs  on  the  pedicel. 

Panicum  jrichanthum  Xees,  Agrost.  Bras.  210  (1829). —  Open 
ground,  Toledo,  March  27,  1907,  M.  E.  Peck,  no.  775.  The  Peck 
specimen  is  rather  stouter  and  the  spikelets  slightly  larger  than  usual. 

Panicum  trichoides  Sw.  Prodr.  Veg.  Ind.  Occ.  24  (1788). —  Clear- 
ing near  Manatee  Lagoon,  January  27,  1906,  M.  E,  Peck,  no.  314; 
open  ground,  Toledo,  February  2, 1907,  M.  E,  Peck,  no.  637. 

Panicum  virgatum  L.  Sp.  PI.  ed.  1,  1:  59  (1753). —  Swamp  near 
Manatee  Lagoon,  July  18,  1905,  M,  E,  Peck,  no.  73;  swamp  near 
Manatee  Lagoon,  August  13,  1905,  M.  E.  Peck,  no.  123. 

Panicum  (§  Ptychophyllum)  crus-ardeae  Willd.  ex  Nees,  Agrost. 
Bras.  253  (1829).— Forest,  upper  Moho  R.,  October  18,  1906,  M,  E. 
Peck,  no.  565.  The  proper  i>osition  of  the  section  PtychophyUum  seems- 
to  be  very  uncertain.  By  some  it  is  considered  a  section  of  SetaHa 
while  by  others  it  is  retained  in  Panicum,  As  this  species  has  never 
been  transferred  to  Setaria,  I  am  maintaining  the  old  name  though 
presumably  its  affinity  is  more  with  Setaria  than  Panicum. 

Ichnanthus  fallens  (Sw.)  Doell  in  Mart.  Fl.  Bras.  2^:  290  (1877). 
—  Forest  near  Manatee  Lagoon,  October  18,  1905,  M.  E.  Peck,  no. 
172;  forest  near  Manatee  Lagoon,  January  27,  1906,  3/.  E,  Peck,  no. 
312. 
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axillaris  Beauv.  Agrost.  166,  Atlas  15,  t.  24  f.  2  (1812).—  Forest, 
Toledo,  September  12,  1906,  M,  E,  Peck,  no.  507. 

Aristida  divaricata  Humb.  &  Bonpl.  ex  Willd.  Enum.  Hort. 
Berol.  99  (1809).— Pine  ridge  near  Manatee  Lagoon,  July  18,  1905, 
M.  E,  Peck,  no.  72. 

Aristida  pseudospadicea,  sp.  no  v.,  perennis,  dense  caespitosa,  circa 
80  cm.  altitudine,  radicibus  fibrosis.  Culmi  erecti,  tenues  sed  rigidi, 
basin  versus  aliquid  ramosi,  supra  siraplices,  albo-virides,  ad  nodos 
purpurascentes,  omnino  glabri.  Vaginae  e  basi  imbricata  tumidius- 
cula  paullum  angustatae,  in  parte  superiori  culmos  laxissime  includ- 
dentae  vel  patentes,  quam  intemodia  multo  breviores,  glabrae,  ad 
folii  junctionem  angulo  recto  abruptissime  contractae  et  cum  annulo 
atro-brunneo  cinctae.  Ligula  annularis  brevis  hispida  in  auriculas 
vaginae  procurrens,  circa.  0.2  mm.  longa.  Folia  baseos  superioribus 
similia,  erecta,  plana  vel  conduplicata,  longe  setaceo-acuminata,  8-30 
cm.  longa,  1-2  mm.  lata;  lamina  subtus  glabra,  supra  sparse  longe 
tenuiterque  pilosa  basin  versus  pilis  crebrioribus  instructa.  Inflores- 
centia  panicula  simplex,  gracilis;  20-26  cm.  longa,  2-4  cm.  diametro; 
radiis  in  axillis  solitariis  (per  occasionem  secundo  breviore),  adpresso- 
ascendentibus  vel  pauUo  patentibus,  inferioribus  remotis;  axe  radiisque 
glabris.  Spiculae  glabrae,  albo-virides  vel  paullum  albo-violaceae, 
9-11  mm.  longae,  circa  1  mm.  diametro,  callo  obconico  in  summa  parte 
barbato,  circa  1  mm.  longo;  glumae  carinatae,  1-nervatae,  gluma 
prima  in  nervo  scabra,  acuminata,  quam  secunda  aliquanto  breviori, 
gluma  secunda  arista to-acuminata  vel  paullum  bifida  cum  arista  brevi; 
lemma  quam  gluma  secunda  longius,  ad  apicem  aliquid  tortum, 
scabrum,  partibus  tribus  aristae  divaricatis,  subaequantes  vel  laterali- 
bus  multo  brevioribus,  parti  media  ad  35  mm.  longa;  palea  circa  1  mm. 
longa. —  Type  (in  the  Gray  Herb.)  and  only  specimen  seen,  pine  ridge 
near  Manatee  Lagoon,  June  11,  1905,  M,  E.  Peck,  no.  31.  A,  pseudo- 
spadicea is  most  nearly  allied  to  A,  spadicea  HBK.  from  which  it  diflFers 
in  its  more  slender  habit,  absence  of  flat  curled  basal  leaves,  long-pilose 
upper  leaf-surface  and  smaller  spikelets.  Similar  differences  separate 
it  from  A.  arizonica  Vasey.  The  comparatively  long  callus  separates 
it  at  once  from  A,  tinda  Trin.  &  Rupr.  which  has  a  very  short  one. 
I  wish  to  thank  Mrs.  Chase  for  comparing  the  material  with  that  at 
Washington. 

Sporobolus  cubensis  Hitchc.  Contr.  U.  S.  Nat.  Herb.  12:  237 
(1909).— Pine  ridge,  Ycacos  Lagoon,  March  5,  1907,  M.  E.  Peck, 
no.  694.  A  Cuban  and  Porto  Rican  species  apparently  new  for  Cen- 
tral America. 
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Sporobolus  virginicus  (L.)  Kunth,  Rev.  Gram.  1:  67  (1829). — 
Low  ground  near  Manatee  Lagoon  August  10,  1905,  M.  E,  Peck,  no. 
120. 

Spartina  Gouini^  Foum.  ex  Hemsl.  Biol.  Cent.-Am.  Bot.  3:  509 
(1885)  nomen;  Foum.  Mex.  PI.  2:  135  (1886).— Swampy  shore  of 
Manatee  Lagoon,  August  14,  1905,  M.  E.  Peck,  no.  130.  Previously 
collected  in  Mexico  only.  The  Peck  material  agrees  perfectly  with  a 
sj>ecimen,  in  the  Gray  Herbarium,  labelled  Spartina  densiflora  Brongn. 
(5.  Gouini  Foum.  I)  [alkaline  meadows.  Hacienda  de  Angostura,  San 
Luis  Potosi,  Mexico,  July  10,  1891,  C.  G.  Pringle,  no.  3760].  Judging 
from  Brongniart's  description  of  S.  densiflora  (a  Chilean  species)  in 
which  he  calls  attention  to  its  affinity  to  S,  glabra  Muhl.  I  doubt  very 
much  that  the  Mexican  S.  Gouini  is  the  same  and  a  Chilean  specimen 
in  the  Gray  Herbarium,  labelled  S.  densiflora  Brongn.  [Valdivia: 
Ensenada  bei  Corral,  in  Graben  5/1  1905,  Dr.  Otto  Buchtien,  no.  1285] 
certainly  is  not  the  same  as  Pringle,  no.  3760,  but  shows  a  strong 
resemblance  to  S.  glabra  Muhl. 

Leptochloa  filiformis  (Lam.)  Beauv.  Agrost.  71,  166  (1812). 
L.  mucronata  (Michx.)  Kunth.  Rev.  Gram.  1:  91  (1829). —  Clearing 
near  Manatee  Lagoon,  January  21, 1906,  M,  E.  Peck,  no.  296. 

Eleusine  INDICA  (L.)  Gaertu.  Fmct.  1:  8  (1788). —  Cultivated 
ground  near  Manatee  Lagoon,  June  8,  1905,  M.  E.  Peck,  no.  43. 

Eragrostis  Elliottii  Wats,  in  Proc.  Am.  Acad.  26:  140  (1890). — 
Pine  ridge  near  Manatee  Lagoon,  November  25,  1905,  M,  E.  Peck,  no. 
222a.  Not  previously  reported  from  Central  America,  former  distribu- 
tion southeastern  United  States,  Cuba  and  Porto  Rico. 

Eragrostis  hypnoides  (Lam.)  BSP.  PreHm.  Cat.  N.  Y.  PI.  69 
(1888).— Swamp  near  Sibune  R.,  May  1,  1906,  M.  E.  Peck,  no.  143. 

Eragrostis  mexicana  (Lag.)  Link,  Hort.  Berol.  1:  190  (1827). — 
Wet  pine  ridge  near  Manatee  Lagoon,  July  18,  1905,  M,  E.  Peck,  no. 
69b. 

Eragrostis  sp. —  affinis  £.  acutiflorae  (HBK.)  Nees. —  Pine  ridge 
near  Manatee  Lagoon,  January  8,  1906,  M.  E.  Peck,  no.  281a.  The 
Peck  material  is  too  immature  to  determine  more  definitely  than  above. 
Mrs.  Chase  has  kindly  compared  this  with  the  material  at  Washington 
and  has  been  unable  to  identify  it. 

2  Since  the  preparation  of  this  article  Prof.  A.  S.  Hitchcock's  paper  on 
Mexican  Grasses  [Contr.  U.  S.  Nat.  Herb.  17  (1913)]  has  appeared.  In 
this, —  pages  329,  330, —  he  refers  Pringle,  no.  3760  to  S.  spartinae  (Trin.) 
Merr.  U.  §.  Bur.  PI.  Ind.  Bull.  9  :  11  (1902).  I  have  no  doubt  that  he  is 
correct  in  so  doing;  consequently  the  Peck  material  should  be  named  S. 
spartinae  (Trin.)  Merr. 
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Arundinaria?  —  Lower  Moho  R.,  October  16, 1906,  M,  E.  Peck,  no. 
560.  Without  inflorescence,  probably  an  Arundinaria,  possibly  A. 
longifolia  Foum. 


V.    DIAGNOSES  AND  TRANSFERS  AMONG  THE  SPERMA- 

TOPHYTES. 

By  B.  L.  Robinson. 

In  the  course  of  routine  work  at  the  Gray  Herbarium  during  the 
last  few  months  the  writer  has  found  it  necessary  to  employ  a  number 
of  new  names,  resulting  either  through  transfers  of  the  plants  in  ques- 
tion or  rendered  needful  by  the  provisions  of  the  International  Rules 
of  Botanical  Nomenclature.  That  these  names  may  have  proper 
status  they  are  here  given  published  record,  together  with  a  few  diag- 
noses of  new  species.  Two  plants  characterized  at  the  Gray  Her- 
barium by  Mr.  Sidney  F.  Blake  and  a  transfer  made  by  Mr.  Sumner  C. 
Brooks  are  included  by  request. 

Inga  (§  Diadema)  Peckii,  spec,  nov.,  pedunculis  exceptis  glabra; 
ramis  tefetibus  cortice  griseo  a  lenticellis  numerosis  scabrato  tectis 
plus  minusve  geniculatis;  foliolis  2-3-jugis  oblongis  petiolulatis  sub- 
coriaceis  supra  subnitidis  subtus  opacis  vel  subglaucescentibus  apice 
basique  acuminatis  9-17  cm.  longis  3.5-7.5  cm.  latis  penninerviis; 
petiolulis  4-6  mm.  longis;  rhachi  commune  ca.  1.5  dm.  longo  striato- 
angulato  exalato;  pedunculis  brevibus  gracilibus  ex  eodem  axillo 
plurimis;  receptaculo  ovoideo,  capitibus  globosis  saepius  12-18-floris; 
floribus  sessilibus;  calyce  ca.  2  mm.  longo  subcylindrato  margine 
brevissime  dentato  obsolete  hispidulo-ciliato  aliter  glabro;  corolla 
glabra  gracihter  tubulata  sursum  leviter  gradatimque  ampliata,  denti- 
bus  limbi  brevissimis  deltoideis;  tubo  staminum  exserto;  legumine 
glabro  falcato-oblongo  ca.  13  cm.  longo  ca.  2.2  cm.  lato  11-seminato. — 
British  Honduras,  Prof.  Morton  E.  Peck,  no.  673  (type,  in  Gray  Herb.). 
A  species  nearly  related  to  /.  jinicuil  Schlecht.  but  differing  in  its 
much  shorter  peduncles,  thicker  duller  and  less  reticulated  leaflets, 
shorter  corolla-teeth,  exserted  stamen-tube,  etc.  From  the  imper- 
fectly described  and  wholly  obscure  /.  coriacea  (Moc.  &  Sess.)  G.  Don 
it  differs  in  having  leaflets  symmetrical  not  oblique  at  the  base. 

Acacia  bucerophora,  spec,  nov.,  fruticosa  vel  arborea;  ramis  tereti- 
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flowers,  not  closely  related  to  any  other  Mexican  or  Central  American 
species,  though  clearly  x)f  the  genus. 

WissADULA  SPICATA  (HBK.)  Prcsl,  Rel.  Haenk.  ii.  117  (1830). 
Abutilon  spicatum  HBK.  Nov.  Gen.  et  Spec.  v.  271  (1821).  To  the 
s>Tionymy  of  this  species  may  be  added  Wwsadula  ehngata  Brandegee, 
Zoe,  V.  210  (1905),  from  Cofradia  in  the  vicinity  of  CuHacan,  Sinaloa. 

Linociera  oblanceolata,  spec,  nov.,  fruticosa  vel  arborea;  ramis 
gracilibus  teretiusculis  cortice  griseo  tectis;  ramulis  fulvido-puberulis; 
foliis  vix  coriaceis  oblangeolatis  utrinque  glabris  11-13  cm.  longis 
3.5-4.2  cm.  latis  apice  caudato-acuminatis  basi  sensim  angustatis, 
petiolo  proprio  teretiusculo  puberulo  3-4  mm.  solum  longo;  paniculis 
laxis  6-8  cm.  longis  gracillimis  ex  axillis  superioribus  foliorum  verorum 
oriuntibus  flavido-puberulis;  floribus  graciliter  3-5  mm.  longe  pedi- 
cellatis;  calycis  lobis  ovatis  acuminatis  patentibus  1.2  mm.  longis 
flavido-puberulis;  petalis  margine  valde  involutis  caudiformibus 
7-10  mm.  longis;  antheris  1  mm.  longis  obtusis,  filamentis  brevis- 
simis,  connectivo  apice  non  productis;  fructu  crassiuscule  clavato 
1.9  cm.  longo  8  mm.  diametro  in  specimine  sicco  nigrescente. —  Forest, 
upper  Moho  River,  British  Honduras,  16  March,  1907,  Prof,  Morton 
E,  Peck,  no  719  (type,  in  Gray  Herb.).  This  species  differs  frorn  L. 
caribaca  (Jacq.)  Knobl.  by  its  unappendaged  anthers.  From  L, 
Bakeri  Urb.  of  Cuba  it  may  be  distinguished  by  its  larger  oblanceolate 
acumijiate  and  even  more  shortly  j>etioled  leaves. 

Strychnos  (§  Longiflorae)  Peckii,  spec,  nov.,  fruticosa  cirrhifera; 
ramis  subteretibus  a  cortice  griseo  laevi  tectis;  ramulis  gracilibus 
rectis  patentissimis  plus  minusve  sulcatis  fulvo-puberulis  apicem 
versus  saepissime  bifoliatis;  cirrhis  spiraliter  aduncis  2-3  cm.  longis 
usque  ad  4  mm.  crassis  lignescentibus;  foliis  ovato-ellipticis  acute 
acuminatis  7-11  cm.  longis  3.4-5  cm.  latis  firme  membranaceis  glabris 
supra  viridibus  laevibus  subtus  distincte  pallidioribus  obscure  puncti- 
culatis  5-nervatis,  nerviis  saltim  basim  versus  minutissime  strigillosis; 
inflorescentiis  axillaribus  brevibus  multifloris  subglobosis  glomeruli- 
formibus;  bracteis  lineari-lanceolatis  3-4  mm.  longis,  bracteolis 
minutis  obscurisque;  pedicellis  brevibus  fulvo-puberulis;  calyce  rotato 
5-lobo,  lobis  ovatis  acuminatis  patentibus  ciliolatis;  corolla  1  cm. 
longa,  tubo  cylindrato  7  mm.  longo  extus  patente  fulvo-tomentello, 
lobis  patentibus  acutatis  supra  ut  faucibus  dense  flavo-barbatis; 
antheris  anguste  oblongis  vix  exsertis;  stylo  nunc  modice  nunc  vix 
exserto. —  Poorest,  Sittee  River,  British  Honduras,  15  April,  1907, 
Prof.  Morion  E.  Prcky  no.  8.56  (t^-pe,  in  Gray  Herb.).  This  species 
appears  to  approach  S.  ErichfOJiii  Rich.  Schomb.  of  British  Guiana, 
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but  the  latter  (known  to  the  writer  only  from  ProgeFs  description  in 
the  Flora  Brasiliensis,  vi.  pt.  1,  274)  is  said  to  have  coriaceous  leaves 
about  three  times  as  long  as  broad,  and  a  corolla  which  is  granulose- 
pulverulent  on  the  outside.  Furthermore,  the  figure  of  the  corolla 
(Progel,  1.  c,  t.  82,  f.  II.)  shows  the  bearding  only  at  the  throat,  while 
in  the  species  here  characterized  it  extends  well  out  upon  the  lobes. 

Gymnolomia  acuminata  Blake,  spec,  nov.,  herbacea  ramosa 
strigoso-hispida  caule  tenui;  foliis  inferioribus  oppositis  superioribus 
altemis  lanceolatis  longe  acuminatis  crenulato-serrulatis  basi  cuneatis 
utrinque  scabro-hispidis  infra  sparse  glandulosis  5-8  cm.  longis  1.2-1.8 
cm.  latis  petiolis  submarginatis  1  cm.  longis  dense  hispido-strigosis  basi 
ampliatis;  ramis  floriferis  tenuibus  ad  apicem  3-5-capitulatis  cum 
bracteis  paucis  linearibus  subsessilibus  munitis;  capitulis  longe 
(2.5-7.5  cm.)  pedunculatis  subglobosis  8-9  mm.  diametro  (radib 
exclusis);  disco  convexo;  involucri  6-7  mm.  alti  squamis  triseriatis 
dense  strigillosis  interioribus  ovalibus  3.5  mm.  latis  exterioribus  duplo 
brevioribus  late  oblongis  2  mm.  latis;  radiis  plerumque  8  flavis  late 
oblongis  subintegris  8  mm.  longis;  corollis  disci  flavis  3.5  mm.  longis 
basi  non  ampliatis  10-nervatis  glabris;  styli  ramis  brevibus  clavatis 
apice  incrassatis  breviappendiculatis;  paleis  subtruncate  tridentatis 
apice  pilosis;  acheniis  glabris  atris  oblongis  incrassatis  epapposis 
multistriatis  2.1  mm.  longis  apice  obliquis. —  Prope  Gomez  Fdrias, 
Tamaulipas,  Mexico,  13-21  April  1907,  Palmer  582  (spec.  typ.  in 
herb.  Grayano). — Species  ad  G,  latlbracteatam  Hemsl.  arete  affinis, 
foliis  infra  hispido-strigosis  capitulis  minoribus  squamis  strigosis  non 
minute  strigillosis  bene  distincta. 

Flourensia  retinophylla  Blake,  spec.  nov.  frutex  ramosissima 
cortice  brunneo-canescente  ramulis  junioribus  viscido-glutinosis;  foliis 
anguste  lanceolatis  integerrimis  utroque  acuminatis  mucronulatis  glu- 
tinosis  in  petiolum  brevisissimum  marginatum  angustatis  2.5-3.5 
cm.  longis  4-7.5  mm.  latis  punctatis  venis  reticulatis  costa  valida; 
capitulis  in  apicibus  ramulorum  dense  racemosis  (3-6)  discoideis  ca. 
12-floris  glutinosis  turbinatis  10-12  mm.  altis;  pedunculis  brevibus 
1-3-bracteolatis;  involucri  8  mm.  alti  squamis  laxis  2-3-seriatis 
oblongo-lanceolatis  subobtusis  luteo-viridibus;  paleis  firmis  obtusis 
mucronatis  ca.  3-nervatis  8.5-9.8  mm.  longis;  corollis  luteis  5  mm. 
longis  (tubulo  1.1  mm.)  dentibus  apice  resinosis;  acheniis  cuneatis 
6  mm.  longis  leviter  incrassatis  dense  villosis,  aristis  2  serrulatis  basi 
subampliatis  3  mm.  longis,  squamellis  nullis. —  Sierra  de  la  Paila, 
Coahuila,  Mexico,  Nov.  1910,  Pur  pits  4728  (spec.  typ.  in  herb.  Gray- 
ano conservatum). —  Planta  ut  F.  lauri folia  DC.  distributa,  a  qua 
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foliis  parvis  anguste  lanceolatis  et  capitulis  minoribus  brevipeduncu- 
latis  et  floribus  paucioribus  satis  differt. 

Jaumea  tenuifolia  (Sch.  Bip.)  IQatt,  Leopoldina,  xxiii.  146  (1887), 
p.  6  of  reprint.  Neurolaena  tenuifolia  Sch.  Bip.  acc.  to  IQatt,  1.  c. 
This  species,  imperfectly  characterized  by  Dr.  Klatt,  is  shown  by  his 
fragments  of  type  material  to  have  rested  upon  a  very  immature 
specimen  of  some  plant  with  pappus  of  capillary  bristles  and  with  the 
young  corollas  (still  closed)  purplish-tomentose.  Though  from  the 
fragments  at  hand  it  is  impossible  to  place  the  species  in  any  genus, 
it  may  be  said  with  perfect  definiteness  that  the,  plant,  with  its  fine 
capillary  pappus,  is  not  a  Jaumea.  Its  habit  is  rather  that  of  a  Eupa- 
iorium  than  of  a  Neurolaena,  but  the  florets  are  too  immature  to 
furnish  distinctive  generic  or  even  tribal  characters.  The  type 
nmnber  {Liehmann,  no.  202  from  Chinantla,  Mexico)  is  doubtless  in 
other  herbaria  and  may  well  be  in  some  of  them  represented  in  suffi- 
ciently mature  condition  to  permit  more  precbe  identification.  In- 
formation on  this  subject  would  be  welcomed. 

OxYPAPPUS  SCABER  Benth.  Bot.  Sulph.  118,  t.  42  (1844).  There 
seems  to  be  no  doubt  that  Dr.  Gray  was  entirely  right  in  reducing  to 
the  synonymy  of  this  species  Pentachaeia  gracilis  Benth.  in  Hook.  Ic. 
xii.  1,  t.  1101  (1872),  though  the  latter  is  maintained  as  a  valid  species 
by  Hooker  f.  &  Jackson  in  the  Index  Kewensis. 

Schkuhria  schkuhrioides  (Link  &  Otto),  comb.  nov.  Achyro- 
pappus  schkuhrioides  Link  &  Otto,  Ic.  PL  Rar.  59,  t.  30  (1828). 
Schkuhria  senecioides  Xees,  Del.  Sem.  Hort.  Bonn.  1831;  Hemsl. 
Biol.  Cent.-Am.  Bot.  ii.  212  (1881). 

Actinea  Palmeri  (Gray),  comb.  nov.  Adinella  Palmeri  Gray, 
Proc.  Am.  Acad.  xix.  31  (1883).  Plateilema  Palmeri  (Gray)  Cockerell, 
Bull.  Torr.  Bot.  Club,  xxxi.  462  (1904). 

Actinea  scaposa  (DC.)  Ktze.,  var.  linearis  (Nutt.),  comb.  nov. 
Adinella  scaposa,  fi  linearis  Nutt.  Trans.  Am.  Phil.  Soc.  vii.  379 
(1841).      Tetraneuris  linearis  (Nutt.)  Greene,  Pittonia,  iii.  267  (1898). 

Dyssodia  Cav.  The  various  efforts  which  have  been  made  to 
separate  Hymenaiherum  Cass,  from  Dyssodia  Cav.  have  proved  so 
unsatisfactory  that  it  seems  best  to  follow  Hoffmann  in  Engl.  & 
Prantl,  Nat.  Pflanzenf.  iv.  Ab.  5,  265  (1890),  and  regard  the  distinc- 
tions as  being  at  best  of  subgeneric  or  sectional  value.  In  accordance 
with  this  view,  however,  it  is  necessary  to  transfer  several  species,  as 
follows : 

Dyssodia  anomala  (Canby  &  Rose),  comb.  nov.  Hymena- 
iherum anomalum  Canby  &  Rose,  Contrib.  U.  S.  Nat.  Herb.  i.  105, 
t.  7  (1891). 
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D.  PAPPOSA  (Vent.)  Hitchc.  Trans.  St.  Louis  Acad.  Sci.  v.  503  (4 
February,  1891 ).  This  combination  is  referred  by  Durand  &  Jackson, 
Ind.  Kew.  Suppl.  1,  p.  147  (1902),  to  O.  Kuntze,  Rev.  Gen.  i.  334 
(September,  1891).  There  can,  however,  be  no  question  as  to  the 
priority  of  Prof.  Hitchcock's  publication,  which  was  reviewed  in  the 
Bulletin  of  the  Torrey  Botanical  Club,  xv\i\.  91  (issued  10  March, 
1891). 

D.  pinnata  (Cav.),  comb.  nov.  Aster  pirinatus  Cav.  Ic.  iii.  6,  t. 
212  (1795).  Dysodia  pubescem  Lag.  Nov.  Gen.  et  Spec.  29  (1816). 
D.  subiniegerrima  Lag.  1.  c.  Boehcra  incana  Lindl.  Bot.  Reg.  t.  1602 
(1833).  Dysodia  incana  (Lindl.)  DC.  Prod.  v.  640(1836).  Boehera 
subintcgcrrima  (Lag.)  Spreng.  Syst.  iii.  545  (1826).  Clomenocoma  ? 
pinnata  DC.  Prod.  v.  ()41  (1836).  Dysodia  intcgerrima  Hemsl.  Biol. 
Cent.-Am.  Bot.  ii.  219  (1881),  by  error  for  D.  subiniegerrima. 

D.  polychaeta  (Gray),  comb.  nov.  Hymenatherum  polychaeium 
Gray,  PI.  Wright,  i.  116  (1852).  Thymophylla  polychmia  (Gray) 
Small,  Fl.  S.  E.  V.  S.  1295,  1341  (1903). 

D.  setifolia  (Lag.),  comb.  nov.  Thymophylla  setifolia  Lag.  Nov. 
Gen.  et  Spec.  25  (1816).  Thymophyllum  sctifolium  Hemsl.  Biol. 
Ccnt.-.\m.  Bot.  ii.  221  (1881).  Hymenatherum  sctifolium  (Lag.)  Gray, 
Proc.  Am.  Acad.  xix.  42  (1883). 

D.  Thurberi  (Gray),  comb.  nov.  Hymenatherum  tenuifolium  var.? 
Gray,  PI.  Wright,  ii.  93  (1853).  H.  Thurberi  Gray,  Proc.  Am.  Acad. 
xix/41   (18S3j. 

D.  tenuiloba  (DC),  comb.  nov.  Hymenatherum  tenuilobum  DC. 
Prod.  V.  (>12  (1S36).  //.  tenuifolium  Gray,  PI.  Wright,  i.  118  (1852). 
by  error  of  dt^termination,  not  Cass.  Thymophylla  tenuiloba  (DC.) 
Small,  Fl.  S.  E.  V.  S.  1295,  1341  (1903). 

D.  Treculii  (Gray),  comb.  nov.  Hymenatherum  n.  sp.?  no.  13 
Gray,  PI.  Wright,  i.  116  (1852).  Hymenatherum  Treculii  Gray, 
Proc.  Am.  Acad.  xix.  42  (1SS3).  Thymophylla  Treculii  (Gray) 
Small,  Fl.  S.  E.  U.  S.  1295,  1341  (1903). 

D.  Wrightii  (Gray),  comb.  nov.  Hymenatherum  W  right  ii  Gray, 
PI.  Fcndl.  89  (1819).*^  Thymophylla  Wrightii  (Gray)  Small,  Fl.  S.  E. 
U.S.  1295,  1341  (1903). 

PoROPHYLiJM  DEC  iMBENs  DC.  Prod.  V.  650  (1836).  Kleinia  suf- 
fruHros'i  Lodd.  Bot.  Cab.  xvi.  t.  1561  (1829),  not  Willd.  This  is  one 
of  many  plants,  which  have  been  described  solely  from  cultivated 
specimens.  The  stock  was  thought  to  have  originally  come  from 
Mexico,  but  though  first  brought  into  cultivation  as  early  as  the  twen- 
ties, it  has  never  been  rediscovered  in  Mexico  or  Central  America, 
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ser.  5,  xviii.  374  (1873),  the  type  of  which,  collected  on  the  Isle  of 
Bourbon  by  Richard,  is  now  in  the  Gray  Herbarium.  Other  sj>eci- 
mens  of  F.  flexuosa  at  hand  show  the  species  to  have  a  fairly  wide 
range  of  variation  as  to  leaf-contour,  in  some  cases  reaching  the  short, 
subcordate,  conspicuously  cuspidate-caudate  form  of  Klatt's  t>T)e,  in 
others  passing  to  elongate  lance-oblong  shapes  more  or  less  cuneate  at 
the  base. 

Celmisia  Cass.  Diet.  Sci.  Nat.  vii.  356  (1817).  This  genus  of  the 
Senecioneac  was  founded  by  Cassini  uj>on  a  single  South  African 
species,  which  he  called  C.  rotundifolia  and  which  later  proved  to  have 
been  the  plant  previously  named  Arnica  tabular  is  by  Thunberg,  Prod. 
Fl.  Cap.  154  (1800).  The  genus  Celmisia,  thus  having  been  originally 
based  upon  a  single  species,  there  can  be  no  question  as  to  its  t>T>e. 
Furthermore,  the  name  ha^  not  been  mentioned  in  the  lists  of  nomina 
conservanda  or  nomina  rejicienda,  so  it  must  take  its  course  under  the 
rules  of  priority.  Cassini  subsequently,  Diet.  Sci.  Nat.  xxxvii.  259 
(1825),  included  in  his  genus  a  plant  collected  by  Gaudichaud  in 
Australia,  namely  C  longifolia  Cass.,  a  plant  belonging  to  the  Astereae, 
When  the  Compositae  were  treated  by  DeCandolle  he  unfortunately 
took  this  latter,  Australian  plant  as  the  type  of  the  genus,  and  referred 
the  original  South  African  species  to  a  newly  named  genus,  Alciope 
DC.  Prod.  V.  210  (1836).  This  was,  of  course,  contrary  to  the  clause 
of  Article  45  of  the  International  Rules,  which  reads:  *'  If  the  genus 
contains  a  section  or  some  other  division  which,  judging  by  its  name 
or  its  species,  is  the  tjT)e  or  the  origin  of  the  group,  the  name  is  re- 
served for  that  part  of  it."  DeCandolle's  treatment  has  been  gener- 
ally accepted  and  perpetuated  until  the  present  day.  It  is  true,  Dr. 
Otto  Kuntze  noted  the  inconsistency  and  restored  Celmisia  to  its 
original  application,  but  he  referred  the  Australian  and  New  Zealand 
element  of  the  complex  to  the  genus  Aster,  a  reduction  not  likely  to  be 
generally  followed  upon  taxonomic  grounds.  The  current  Inter- 
national Rules  appear  to  call  for  the  following  revision  of  the  nomen- 
clature in  the  genera  concerned. 

Celmisia  tabularis  (Thunb.),  comb.  nov.  Arnica  tabularis  Thunb. 
Prod.  Fl.  Cap.  154  (1800).  Celmisia  rotundifolia  Cass.  Diet.  Sci.  Nat. 
vii.  357  (1817).  Ligularia  tabularis  (Thunb.)  Less.  Syn.  Comp.  390 
(1832)  by  implication.  Alciope  Tabularis  (Thunb.)  DC.  Prod.  v. 
210  (1836). 

C.  tomentosa  (Burm.  f.),  comb.  nov.  Conyza  tomeniosa  Burm.  f. 
Prod.  26  (1768).  Arnica  lanata  Thunb.  Prod.  Fl.  Cap.  154  (1800). 
Ligularia  lanata  (Thunb.)  Less.  Syn.  Comp.  390  (1832)  by  implication. 
Akiope  lanata  (Thunb.)  DC.  Prod.  v.  210  (1836). 
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C.  tomentosay  var.  finrandis  (Thunb.),  comb.  nov.  Arnica  grandis 
Thunb.  Prod.  Fl.  Cap.  154  (1800).  Alciope  lanaia  j3  grandis  (Thunb.) 
DC.  Prod.  V.  210  (1836). 

ElciBmia,  nom.  nov.  (Anogram.)  Celmisia  Cass.  Diet.  Sci.  Nat. 
xxxvii.  259  (1825),  and  of  most  subsequent  authors,  not  Cass.  Diet. 
Sci.  Nat.  vii.  356  (1817).  Aster  §  Celmisiana  Ktze.  in  Post  &  Ktze. 
Lex.  Gen.  Phan.  49  (1904)  —  a  name  by  its  adjectival  form  inappro- 
priate for  use  in  generic  rank. 

E.  Adamsii  (Kirk),  comb.  nov.  Celmisia  Adamsii  Kirk,  Trans. 
N.  Z.  Inst,  xxvii.  329  (1894). 

E.  Adamsii,  var.  rugulosa  (Cheesem.),  comb.  nov.  Celmisia 
Adamsii,  var.  rugiUosa  Cheesem.  Man.  N.  Z.  Fl.  313  (1906). 

E.  argentea  (Kirk),  comb.  nov.  Celmisia  sessiliflora,  var.  minor 
Petrie,  Trans.  N.  Z.  Inst.  xv.  359  (1882).  C.  argentea  Kirk,  Stud.  Fl. 
N.  Z.  292  (1899). 

E.  Armstrongii  (Petrie),  comb.  nov.  Celmisia  Armstrongii  Pe- 
trie, Trans.  N.  Z.  Inst.  xxvi.  269  (1894). 

E.  bellidioides  (Hook,  f.),  comb.  nov.  Celmisia  bellidioides  Hook, 
f.  Handb.  N.  Z.  Fl.  135  (1864). 

E.  Brownii  (F.  R.  Chapm.),  comb.  nov.  Celmisia  Brovmii  F.  R. 
Chapm.  Trans.  N.  Z.  Inst.  xxii.  444  (1890). 

E.  Campbellensis  (F.  R.  Chapm.),  comb.  nov.  Celmisia  Camp- 
beUensis  F.  R.  Chapm.  Trans.  N.  Z.  Inst,  xxiii.  407  (1891).  C.  Chap- 
mani  Kirk,  Gard.  Chron.  ix.  731,  f.  146  (1891). 

E.  cordatifolia  (J.  Buchanan),  comb.  nov.  Celmisia  cordcAifolia 
J.  Buchanan,  Trans.  N.  Z.  Inst.  xi.  427  (1879).  C,  petiolata,  var. 
cordatifolia  (J.  Buchanan)  Kirk,  Stud.  Fl.  N.  Z.  286  (1899). 

E.  coriacea  (Forst.  f.),  comb.  nov.  Aster  coriacevs  Forst.  f.  Prod. 
56  (1786).  Celmisia  coriacea  (Forst.  f.)  Hook.  f.  Fl.  Antarc.  i.  36 
(4  July,  1844),  &  Fl.  N.  Z.  i.  121,  t.  32  (1853);  Raoul,  Ann.  Sci.  Nat. 
ser.  3,  ii.  119  (August,  1844). 

E.  Dallii  (J.  Buchanan),  comb.  nov.  Celmisia  Dallii  J.  Buchanan, 
Trans.  N.  Z.  Inst.  xiv.  355,  t.  35  (1882). 

E.  densiflora  (Hook,  f.),  comb.  nov.  Celmisia  densiflora  Hook.  f. 
Handb.  N.  Z.  Fl.  i.  130  (1864). 

E.  discolor  (Hook,  f.),  comb.  nov.  Celmisia  discolor  Hook.  f.  Fl. 
N.  Z.  i.  123  (1853). 

E.  dubia  (Cheesem.),  comb.  nov.  Celmisia  dvbia  Cheesem.  Man. 
N.  Z.  Fl.  308  (1906). 

E.  Gibbsii  (Cheesem.),  comb.  nov.  Celmisia  Gibbsii  Cheesem. 
Man.  N.  Z.  Fl.  300  (1906). 
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E.  glandulosa  (Hook,  f.)  comb.  nov.  Celmism  glandxdosa  Hook. 
f.  Fl.  X.  Z.  i.  124  (1853). 

E.  Haastii  (Hook,  f.),  comb.  nov.  Celmisia  Haastii  Hook.  f. 
Handb.  N.  Z.  Fl.  131  (1864). 

E.  Hectori  (Hook,  f.),  comb.  nov.  Celmisia  Hedori  Hook.  f. 
Handb.  N.  Z.  Fl.  135  (1864). 

E.  hieraciifolia  (Hook,  f.),  comb.  nov.  Celmisia  hieraciifolia 
Hook.  f.  Fl.  X.  Z.  i.  124,  t.  34B  (1853). 

E.  hieraciifolia,  var.  oblonga  (Kirk),  comb.  nov.  Celmisia 
hieracifolia,  var.  oblonga  Kirk,  Trans.  X.  Z.  Inst,  xxvii.  328  (1894). 

E.  holosericea  (Forst.  f.),  comb.  nov.  Aster  holosericeus  Forst.  f. 
Prod.  56  (1786).  Celmisia  holosericea  (Forst.  f.)  Hook.  f.  Fl.  An  tare, 
i.  36,  (4  July,  1844);  Raoul,  Ann.  Sci.  Xat.  ser.  3,  ii.  119  (.\ugust, 
1844). 

E.  incana  (Hook,  f.),  comb.  nov.  Celmisia  incana  Hook.  f.  Fl. 
N.  Z.  i.  123  t.  34A  (1853). 

E.  incana,  var.  petiolata  (Kirk),  comb.  nov.  Celmisia  incana, 
var.  peiiolata  Kirk,  Stud.  Fl.  X.  Z.  284  (1899). 

E.  laricifolia  (Hook,  f.),  comb.  nov.  Celmisia  laricifolia  Hook.  f. 
Fl.  X.  Z.  ii.  331  (1855). 

E.  lateralis  (J.  Buchanan),  comb.  nov.  Celmisia  lateralis  J. 
Buchanan,  Trans.  X.  Z.  Inst.  iv.  226,  t.  15  (1872). 

E.  lateralis,  var.  villosa  (('heescm.),  comb.  nov.  Celmisia  lateralis, 
var.  rillosa  Cheesem.  Man.  X.  Z.  Fl.  302  (1906). 

E.  Lindsayi  (Hook,  f.),  comb.  nov.  Celmisia  Lindsayi  Hook.  f. 
Handb.  X.  Z.  Fl.  132  (18(54). 

E.  linearis  (.\rmstr.),  comb.  nov.  Celmisia  linearis  Armstr. 
Trans.  X.  Z.  Inst.  xiii.  337  (1881). 

E.  longifolia  (Cass.),  comb.  nov.  Celmisia  longifolia  Cass.  Diet. 
Sci.  Xat.  xxxvii.  259  (1825). 

E.  longifolia,  var.  alpina  (Kirk),  comb.  nov.  Celmisia  longifolia, 
var.  alpina  Kirk,  Stud.  Fl.  X.  Z.  289  (1899). 

E.  longifolia,  var.  gracilenta  (Hook,  f.),  comb.  nov.  Celmisia 
gracilenfa  Hook.  f.  Fl.  Antarc.  i.  35  (1844).  C.  longifolia,  f.  gracilenta 
(Hook,  f.)  Kirk,  Stud.  Fl.  X.  Z.  289  (1899).  C.  longifolia,' var.  gra- 
cilenta (Hook,  f.)  Cheesem.  Man.  X.  Z.  Fl.  314  (1906). 

E.  longifolia,  var.  major  (Kirk),  comb.  nov.  Celmisia  gracilenta, 
var.  /3.  Hook.  f.  Fl.  X.  Z.  i.  123  (1853).  C.  longifolia,  ff!  major  & 
asteliarfoUa  Kirk,  Stud.  Fl.  X.  Z.  289  (1899). 

E.  longifolia,  var.  graminifolia  (Hook,  f.),  comb.  nov.  Cel- 
jnisia  graminifolia  Hook.  f.  Fl.  Antarc.  i.  35  (1844).     C.  longifolia. 
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E.  Temicosa  (Hook,  f.),  comb,  no  v.  Celmisia  vemicosa  Hook.  f. 
Fl.  Antarc.  i.  34,  tt.  26,  27  (1844). 

E.  YUcosa  (Hook,  f.),  comb.  nov.  Celmisia  viscosa  Hook.  f. 
Handb.  X.  Z.  Fl.  133  (1864). 

E.  Walkeri  (Kirk),  comb.  nov.  Celmisia  Walkeri  Kirk,  Trans. 
X.  Z.  Inst.  ix.  549  (1877). 

Luina  stricta  (Greene),  comb.  nov.  Prenanihes  stricta  Greene, 
Pittonia,  ii.  21  (1889).  Luina  Piperi  Robinson,  Bot.  Gaz.  xvn.  43, 
t.  6  (1891).  Psacalium  stridum  Greene,  Pittonia,  ii.  228  (1892). 
Rainier  a  stricta  Greene,  Pittonia,  iii.  291  (1898).  Some  years  ago 
the  writer  submitted  material  of  this  species  to  Dr.  O.  Hoffmann, 
author  of  the  revision  of  the  Compositae  in  Engler  &  Prantrs  Xatur- 
liche  Pflanzenfamilien.  Replying  to  a  request  for  his  opinion  as  to 
the  generic  affinities  of  the  plant,  he  wrote,  under  date  of  20  September, 
1897,  "  Xach  Untersuchung  des  mir  iibersandten  Materials  halte  ich 
Ihre  Ansicht,  dass  die  fragliche  Pflanze  in  die  Gattung  Luina  gehort 
fiir  richtig,  vorausgesetzt  dass  man  Luina  von  Cacalia  trennt.  ♦  ♦  ♦  * 
Doch  wiirde  ich  fiir  eine  Vereinigung  von  Luina  und  Cacalia  nicht 
stimmen."  Having  from  my  first  investigation  of  the  plant  in  ques- 
tion felt  that  it  was  a  Luina,  and  having  been  confirmed  in  this  view- 
by  the  high  authority  of  Dr.  Hoffmann,  I  here  associate  with  the  gen- 
eric name  the  earlier  specific  designation,  according  to  the  provisions 
of  the  International  Rules. 

Serratula  deltoides  (Ait.),  comb.  nov.  Onvpordon  delioides  Ait. 
Hort.  Kew.  iii.  146  (1789).  Carduus  atriplicifoliu^s  Trev.  Hort. 
Vratisl.  1820.  Silybum  atriplicifolium  (Trev.)  Fisch.  Ind.  Sem.  Hort. 
Petrop.  1824.  Rhaponticum  atriplicifolium  (Trev.)  DC.  Prod.  vi. 
663  (1837). 

Onoseris  onoseroides  (HBK.),  comb.  nov.  Isotypus  onoseroides 
HBK.  Xov.  Gen.  et  Spec.  iv.  12,  t.  307  (1820).  Onoseris  Isotypus 
Benth.  &  Hook.  f.  Gen.  PI.  ii.  487  (1873). 

Chaetanthera  cochlearifolia  (Gray),  comb.  nov.  Oriastrum 
cochlear  if olium  Gray,  Proc.  Am.  Acad.  v.  144  (1861). 

Chaetanthera  dioica  (Remy),  comb.  nov.  Egania  dioica  Remy 
in  Gay,  Fl.  Chil.  iii.  327,  t.  36,  f.  1  (1847);  Wedd.  Chlor.  And.  i.  32 
(1855).    Oriastrum  dioicum  (Remy)  Reiche,  Fl.  Chil.  iv.  357  (1904). 

Chaetanthera  Philippii,  nom.  nov.  Chondrochilus  inwlucratus 
Phil.  Fl.  Atac.  27,  t.  3B  (1860),  not  Chaetanthera  involucrata  Phil. 
Anal.  Univ.  Chil.  xlvii.  6  (1894). 

Chaetanthera  splendens  (Remy),  comb.  nov.  Elachia  splendens 
Remy  in  Gay,  Fl.  Chil.  iii.  315  (1847).  Tylloma  splendens  (Remy), 
Wedd.  Chlor.  And.  i.  27,  t.  8A  (1855). 
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(DC.)  Reiche.  It  is  obvious  that  the  existence  of  the  binomia) 
Chabraea  integrifoUa  Phil.  (1856),  especially  if  invalid,  does  not  pre- 
vent the  validity  of  a  Leucheria  integrifoUa  founded  upon  Philippics 
quite  different  Chabraea  integrifoUa  of  1872.  In  the  synon\Tny  of 
this  species  may  be  placed  Leuceria  Hahnii  Frandh.  Miss.  Sci.  Cap. 
Horn,  V.  349,  t.  3  (1889).  L.  fuegina  Phil.  Anal.  I^niv.  Santiago, 
Ixxxvii.  98  (1894).  It  is  not  improbable  that  this  may  also  have  been 
the  Chabraea  suaveolens,  /3  integrifoUa  Sch.  Bip.  Flora,  xxxviii.  121 
(1855),  nomen  nudum. 

Leucheria  suaTeolens  (Urv.),  comb.  nov.  Perdicium  suareoJens 
Urv.  Fl.  des  lies  Malouines,  43  (1825);  M^m.  Soc.  Linn.  Paris,  iv. 
611  (1826).  Lasiorhiza  ceterachifoUa  &  L.  viscosa  Cass.  Diet.  Sci.  Nat. 
xliii.  80,  81  (1826).  Leuchaeria  gossypina  Hook.  &  Am.  Comp.  Bot. 
Mag.  ii.  43  (1836).  Chabraea  suaveolem  (Urv.)  DC.  Prod.  vii.  59 
(1838). 

Perezia  virens  (D.  Don)  Hook.  &  Arn.  Comp.  Bot.  Mag.  i.  34 
(1835).  This  species  is  referred  by  Reiche.  Fl.  Chil.  iv.  445  (1905)  to 
P.  Poeppigii  Less.  Syn.  Comp.  411  (1832).  It  is  clear  that  the 
validity  of  P.  virens  must  depend  upon  the  date  .of  its  name-bringing 
s^Tionym  Clarionea  virens  D.  Don,  Trans.. Linn.  Soc.  xvi.  208.  It  is 
true  that  the  volume  in  which  it  was  published  bears  the  date  1833, 
but  it  is  stated  that  Don*s  paper  was  read  1829  and  there  is  every 
reason  to  suppose  that  the  different  papers  of  which  the  volume  is 
composed  were  issued  as  printed  and  at  quite  different  dates.  Fortu- 
nately there  is  conclusive  proof  that  Don's  paper  had  reached  print 
and  issue  before  Lessing's  publication,  for  Lessing  cites  Don's  paper 
on  pages  407,  408,  412,  and  elsewhere  in  his  Synopsis,  which  should 
settle  the  matter  of  priority  and  lead  to  the  re-instating  of  P.  virens 
(D.  Don)  Hook.  &  Am. 

Trixis  calcicola,  spec,  nov.,  fruticosa;  ramis  lignescentibus  medul- 
losis  a  cortice  flavido-brunneo  tectis  foliosis  costato-angulatis  juven- 
tate  latiuscule  alatis;  foliis  altemis  oblongis  attenuato-acuminatis 
mucronato-denticulatis  1-1.2  dm.  longis  2.3-3  cm.  latis  utrinque 
viridibus  supra  rugulosis  puberulis  subtus  venosissimis  tenuiter  pubes- 
centibus  dense  glanduloso-atomiferis  basi  angustatis  et  in  alas  latius- 
culas  denticulatas  decurrentibus;  alis  intemodia  aequantibus  vel 
superantibus  usque  ad  5  mm.  latis  deorsum  cuneatim  angustatis; 
corymbis  ovoideis  subth>Tsiformibus  densis  ca.  1  dm.  diametro  et 
minus  altis;  bracteolis  involucri  exterioris  5  elliptico-oblanceolatis 
1.7  cm.  longis  5  mm.  latis  tenuibus  vix  acutis  basi  angustatis  extus 
glanduloso-puberulis;  squamis  involucri  interioris  8  oblongo-linearibus 


Digitized  by 


GooglQ 


Digitized  by 


GooglQ 


Digitized  by 


Digitized  by 


GooglQ 


Digitized  by^ 


THE  GENERALIZED  RIEMANN  PROBLEM  FOR  LINEAR 

DIFFERENTIAL  EQUATIONS  AND  THE  ALLIED 

PROBLEMS  FOR  LINEAR  DIFFERENCE  AND 

^DIFFERENCE  EQUATIONS. 

Bt  George  D.  BiRKHorF. 
Received  June  9.  1013. 

The  program  of  obtaining  a  characterization  of  a  function  in  sim- 
ple descriptive  terms  which  are  independent  of  the  equations  of 
definition  of  the  function  is  a  familiar  one.  To  Riemann  is  due 
the  formulation  of  this  characterization  for  the  algebraic  functions 
and  for  the  functions  defined  by  ordinary  linear  differential  equations 
without  irregular  singular  points.  In  both  of  these  instances  the 
characterization  involves  a  certain  number  of  characteristic  constants 
—  the  monodromic  group  constants  in  the  last  mentioned  instance. 
Riemann  also  proposed  the  associated  problem  of  assigning  these 
constants  at  pleasure.^ 

During  the  last  few  years  I  have  discovered  that  the  program 
admits  of  extension  in  a  number  of  directions.  The  aim  of  the  present 
paper  is  to  solve  the  generaUzed  problem  of  Riemann  for  ordinary 
linear  differential  equations  with  irregular  singular  points,  and  the 
analogous  t)roblem  for  linear  difference  equations  and  for  Unear  ^-dif- 
ference equations.  The  formulation  of  the  first  and  second  of  these 
problems  has  been  given  by  me  earlier.^  At  about  the  same  time  as 
myself,  Norlund,  in  his  fundamental  work  on  linear  difference  equa- 
tions, was  led  to  formulate  essentially  the  second  problem.'  The 
third  is  stated  in  the  present  paper. 

The  problem  of  Riemann  for  linear  differential  equations  in  its 

1  Werke,  (zweite  Auflage)  pp.  37-39.  67-69. 
■  2  Trans.  Am.  Math.  Soc.  10,  436-470  (1909),  and  12, 243-284  (1911).  These 
two  papers  will  be  referred  to  as  I  and  II  respectively. 

3  Memoires  de  TAcad^mie  Royale  des  Sciences  et  des  Lettres  de  Danemark, 
series  7.  6.  309-326  (1911);  C.  R.  vol.  156,  pp.  200-202  (1913). 

In  the  second  of  these  papers,  Ndrlund  gives  a  formulation  and  explicit 
solution  of  the  h)rpergeometric  diiSference  equation  problem. 
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classic  form  was  first  solved  by  Hilbert.*  His  treatment  and  Plemelj's 
elegant  completion  thereof^  reposed  alike  upon  a  certain  theorem 
whose  proof  was  made  by  means  of  the  Fredholm  theory.  Owing 
to  the  deep-seated  analogy  between  linear  differential  and  difference 
and  ^h-difference  equations,  I  have  been  able  to  apply  a  convenient 
extension  of  the  same  theorem  in  all  cases;  my  proof  is  based  on  a 
method  of  successive  approximations. 

Inasmuch  as  I  have  been  able  to  simplify  Hilbert's  and  Plemelj's 
treatment  of  the  classic  Riemann  problem,  I  have  ventured  to  include 
my  treatment  of  it  also. 

Part  I.    The  Preliminary  Theorem. 
§  1.     Some  Definitions, 

Let  C  be  a  simply  closed  analytic  curve  in  the  complex  a;-plane. 
If  the  arc  length  along  this  curve  from  a  fixed  to  a  variable  point  is 
measured  by  s,  and  if  /  be  the  length  of  C,  it  is  clear  that  x  is  a  single- 
valued  analytic  function  of  s  with  period  I  for  s  real,  and  that  dx/ds 
is  not  zero.     Consequently  if  we  introduce  a  new  variable  t  defined 

by 

a  one-to-one  analytic  correspondence  is  set  up  between  the  points 
of  the  unit  circle  |  r  |  =  1  in  the  r-plane  and  the  points  of  C.  It  will 
therefore  be  possible  to  choose  p  >  1  so  that  the  circular  ring  in  the 
r-plane, 

P 

is  transformed  in  a  one-to-one  and  conformal  manner  into  a  ring  in 
the  a:-plane  bounded  by  simply  closed  analytic  curves  Ci  and  C^, 
within  and  without  C  respectively,  while  at  the  same  time  the  circle 
I  T  I  =  1  is  transformed  into  C.  Let  r  =  r  {x)  be  the  function  which 
effects  this  transformation. 

Also  let  a  {x)  be  any  function  continuous  together  with  its  deriva- 
tives of  all  orders  along  C,®  and  analytic  save  at  a  finite  number  of 

4  Gdtt.  Nachr.  (1905),  pp.  307-338. 

5  Monatsh.  f.  Math.  u.  Phys.,  19, 205-246  (1908). 

6  By  definition  we  take  df{x)/dx  along  a  curve  L  as  follows: 

dj{x)  ^    umf(x')-f(x)  , 
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points  of  C  These  restric- 
tions on  a  (x)  ensure  that  we 
can  choose  regular  curves  Di 
and  D2,  within  and  without 
C  respectively,  and  osculating 
C  at  the  points  where  a  (x)  is 
not  analytic  (Fig.  1)  in  such  a 
way  that  on  the  continua  lim- 
ited by  Z>i,  2)2,  we  have 


Pia.  1. 


(1) 


\aix)\^K, 


a{x)  —  a  (x') 
X  —  x' 


gK; 


in  these  continua  a  (x)  is  defined  as  the  analytic  extension  of  a  (x)  on 
C.  It  is  possible  to  extend  further  the  definition  of  a  (x)  throughout 
the  ring  formed  by  Ci,  C2  in  such  wise  thAt  inequalities  of  the  type 
(1)  hold;  for  this  purpose  it  is  clearly  sufficient  to  choose  real  and 
imaginary  components  that  join  on  continuously  to  the  like  com- 
ponents of  a  (x)  along  Di  and  D2,  and  to  make  each  component  satisfy 
inequalities  of  the  same  natuce  as  (1).  Such  a  choice  can  always  be 
made. 

§  2.     On  a  First  Type  of  Integral, 
Let  us  turn  now  to  consider  the  integral 

(2)  -4=rqL)?:(')a(orf, 

2ir^—\Jc      t  —  x 

where  g'^ix)  is  a  function  analytic  within  C  and  continuous  along  C, 
and  p  is  zero  or  a  positive  integer.  Following  Plemelj  (loc.  cit.)  we 
shall  term  a  function  g'*'(x)  of  this  description  a  regular  inner  function 
and  affix  to  it  a  superscript  + ;  likewise  a  superscript  —  will  indicate 
that  a  function  is  a  regular  outer  function,  i.  e.  is  analytic  in  the 
extended  plane  without  C,  and  continuous  along  C. 

We  can  demonstrate  at  once  that  the  integral  (2)  represents  a  regu- 
lar inner  function  /"^(ar),  or  a  regular  outer  function  /"(a:),  according 
as  a;  is  within  or  without  C.  In  the  first  place  these  functions  are 
analytic  within  and  without  C  respectively,  as  appears  from  (2). 

In  the  second  place,  by  Cauchy's  integral  theorem  we  have 


(3) 


2tV— iJc     t  —  x  2tV— iJci    t  —  x 
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provided  that  x  lies  between  C  and  C2,  since  the  function  r^(i£)  g'^ipc) 
is  analytic  in  the  ring  C,  C\  and  continuous  along  its  boundary.  Thus 
we  may  write 

2tV— it/ci    t^x 

The  first  integrand  on  the  right-hand  side  is  continuous  in  x  and  t,  for 
/  on  C  and  x  in  the  ring  C,  C2  unless  x  =  t,  when  the  integrand  is  not 
defined;  in  the  neighborhood  of  a  pair  of  values  x  =  t,  the  integrand 
remains  finite  by  (1).  Hence  the  first  integral  approaches  a  continu- 
ous limit  as  x  approaches  the  boundary.  Inasmuch  as  <  is  restricted 
to  lie  on  Ci  in  the  second  integrand,  the  same  statement  is  certainly 
true  of  the  second  integral.  Hence /"(a:)  may  be  so  defined  as  to  be 
continuous  along  C. 

Likewise  by  means  of  the  relation 

(5)  r^(x)g-(x)^—^-^J^-j^::^dt 

27r  V— It/Ci    t-'X 
valid  for  x  between  C  and  Ci  by  Cauchy's  integral  formula,  we  obtain 

(6)  rix)  -  rr>Mg-(x)a(x)  =   -"4=7   f  ^'  ^  9'  (0  ''^^;""  t^""^  * 

2  TT  V—  1  t/C  t^-x 

From  this  equation  we  can  at  once  infer  that  f'^(x)  may  be  so  defined 
as  to  be  continuous  along  C, 

Thus  /^(ar)  and  f~{x)  are  respectively  regular  inner  and  outer  func- 
tions. 

A  comparison  of  the  relations  (4)  and  (6)  which  are  both  valid  along 
C  gives  us  the  fundamental  equation 

(7)  r(x)  -fix)  =  T^{x)gHx)a{x)       along  C, 

Let  us  now  consider  the  maximum  modulus  of  f~{x)  outside  of  or 
along  C.  This  maximum  modulus,  and  likewise  that  for  g'^{x)  within 
or  along  C,  are  attained  on  C  of  course.     Suppose  that  we  have  along  C 

(8)  \gHx)\^L. 
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Now  modify  the  contour  C  of  integration  in  (4)  to  Di.  The  integrand 
is  analytic  in  t  over  the  continua  enclosed  by  C  and  Du  so  that  the 
value  of  the  integral  will  not  thereby  be  altered.  (It  must  be  remem- 
bered that  X  lies  without  C  in  (4).)  From  this  modified  form  of  (4) 
we  obtain 


(9) 


,/-«:.- IX  "<«-i+X,£M!. 


upon  applying  (8)  and  (1). 

But  the  two  integrals  which  appear  in  the  right  hand  member  of 
this  inequality  tend  to  zero  as  the  unspecified  integer  p  increases;  in 
fact  we  have  |  t  (x)  |  <  1  \iathin  C  so  that  t^  (x)  tends  uniformly  to 
zero  in  any  closed  continuum  within  C,  as  p  becomes  infinite.  It  is 
to  be  observed  that  the  quantity  |  <— J^  |  which  appears  in  the  second  • 
integrand  is  never  less  than  the  minimum  distance  from  C  to  Ci, 
since  x  lies  without  C,  and  t  is  a  point  of  Ci. 

These  considerations  demonstrate  that  for  a  given  positive  6, 
however  small,  the  integer  p  may  be  chosen  so  large  that  for  every 
regular  inner  function  g'*'{x),  we  have 

(10)      maximum  ot\f~(x)\^e[ maximum  of  g^ (x) }    along C. 


§  2.     On  a  Second  Analogous  Type  of  Integral, 
In  the  same  way  we  may  treat  an  integral 

2irV— iJc      ^  — a: 

where  g~{x)  is  a  regular  outer  function,  and  p  is  zero  or  a  positive 
integer.  As  before  we  denote  the  value  of  the  integral  for  x  within  C 
by  /"^(ar),  and  for  x  without  C  by  f-(x).  A  discussion  parallel  to  the 
earlier  one  in  §  1  shows  that  f'^(x)  and  f'{x)  as  thus  defined  are 
regular  inner  and  outer  functions  respectively;  in  this  case  equation 
(4)  is  replaced  by 


(4')    /-(;r)  =  — ^  (r-^iOg'it) 
2x  V—  1  Jc 


a{t)  ^a  (x) 
t  —  X 


2tV— Wc,     t  —  x 
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and  (6)  likewise  by 

(60rW+r-^WrWa(x)=— i=  f  r-^  (t)  g^  (t)^^^^  dt 

2t  V—  1  Jc  t  —  x 

2tV— iJc,     t  —  x 

From  these  two  equations  there  results  at  once 

(7')  r  (x)  -r  W  =  r-^  (x)  g'  (x)  a  (x)    along  C. 

In  order  to  develop  an  inequality  for  the  modulus  of  f'*-{x)  in  this 
case,  we  note  that  the  contour  C  in  (4')  may  be  modified  to  Dj.  The 
modification  yields 

(9')  ir(x)l^?-!    f\r-'>(t)dt\+    f  1^* 

where  L  is  the  maximum  of  |  g~(x)  \  along  C,  But  |  t''^(x)  \  tends  to 
zero  for  x  outside  of  C  as  p  becomes  infinite,  since  for  such  an  x  we 
have  \t{x)\  >  1.  We  conclude  therefore  that  for  any  positive  € 
however  small,  the  integer  p  may  be  taken  so  large  that  for  every 
regular  outer  function  g~{x)  we  have 

(10')    maximum  of  |/^  (x)  |  ^  c  { maximum  of  g'  (x)  \  ]    along  C 

A  further  property  of  the  function  f~(x),  which  is  apparent  from  its 
definition,  is  that  this  function  vanishes  at  a:  =  oo . 

§  3.     Solution  of  a  Pair  of  Matrix  Equations. 

Throughout  the  present  paper  we  shall  be  concerned  with  linear 
equations  in  n  unknown  functions,  whose  complete  solution  may  be 
expressed  in  terms  of  n  particular  solutions.  On  this  account  we 
shall  employ  the  matrix  notation. 

We  consider  first  a  pair  of  matrix  equations 

(11)        lo-  (X)  -G^(x)  =  r-  (X)  F-  (.)  A-^  (x)  -  /.      *'**°«  ^^ 

Here  t(x)  is  the  function  defined  in  §  1;  the  matrix  A{x)  is  a  given 
matrix  {aij{x))  (i,  j  =  1, . . .  ,n)  of  which  each  element  is  defined  along 
C  and  has  the  properties  specified  in  §  1  for  the  function  a(x)  (namely, 
it  is  continuous  together  with  its  derivatives  of  all  orders  along  C, 
and  analytic  save  at  a  finite  number  of  points) ;  furthermore  the  de- 
terminant \A{x)  I  is  not  to  be  zero  along  C.     The  symbol  /  stands 
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for  the  unit  matrix  {8ij)  in  which  6«  =  1,  5^-  =  0  for  i  ^  j,  and  A-^(z) 
stands  for  the  matrix  inverse  to  A{x).  The  matrices  F'^(x),  0'^{x), 
F'ix),  G~(x)  are  to  be  determined  to  satisfy  (11),  the  first  two  as 
matrices  of  regular  inner  functions  and  the  last  two  as  matrices  of 
regular  outer  functions.  The  matrix  products  on  the  right  hand  side 
are  the  customary  matrix  products,  and  the  factors  t**  (ar),  t-p(x)  stand 
for  the  matrices  (t^  (x)  6y)  and  (r^^  (x)  6ij)  respectively. 

It  may  be  proved  without  difficulty  that  for  p  taken  large  enough 
a  solution  of  these  equations  exists.  To  effect  this  proof  we  apply  a 
method  of  successive  approximations  based  on  the  sequence  of 
equations 

fo^^)  =  Fo-(x)  =  Go-{x)  =  0.    Go-'ix)  =  /, 
(  Fi+  (x)  -  Fr  (x)  =  r^  (x)  Go'  (x)  A  (x), 
(12)  I  Gr  (x)  -  Gi*  (x)  =  r-^  (x)  Fo-  (x)  A-'  (x)  -  /, 
C  f 2^  (x)  -  Fr  (x)  =  r^  (x)  G,'  (x)  A  (x), 
I  ft-  (;,)  _  ft^  (a,)  =  ^-P  (;,)  F^-  (x)  A-'  (x)  -  /, 


along  C, 


along  C, 


The  symbol  0  is  used  to  denote  a  matrix  of  zero  elements,  and  the 
superscripts  +  and  —  are  used  to  designate  matrices  of  regular  inner 
and  outer  fimctions  respectively. 

If  we  write  Po'{x)  =  Fo-{x)  =  0,  Qo-'ix)  =  (?/(a:)  =  /,  and  further- 
more 


(13)    j 


P«^  (x)  =  F«^  {x)  -  F«.i^(x),    P«-  (x)  =  F„-  (x)  -  F^r  (x\ 

Qm^  (X)  =   C«^  (X)  -  Cm-1^  (x),      Qn'  (x)  =  Gn'  {x)  -  G«.r  (x) , 


it  is  clear  that  the  sequence  of  equations  (12)  is  equivalent  to 

P«^  (x)  -  P„-  (x)  =  r^  (x)  (?«.i*  (x)  ^  (x),  along  C, 


(14) 


(?m-(;r)  -  Qn^-^ix)  =  r-^(x)  P«.i-(x)  ^-K^),       (^=1,2,.. .). 


Here  the  superscripts  are  employed  as  before. 

The  form  of  equations  (14)  is  such  that  we  can  determine  P«+  (x), 
Pm-{x\  Qm-'ix),  Qm-(x)  m  tcrms  of  Pm-i-(x),  Qm-i'-ix)  SO  that  the 
mth  pair  of  equations  (14)  is  satisfied.  In  fact  the  first  one  of  the 
mth  pair  of  matrix  equations  may  be  broken  up  into  n*  ordinary 
equations 

n 

PiJ,m-*-(x)  —  p,j.m-(x)  =  T^  (x)  £  qi,xjn-i^{x)axj  (x)    aloug  C, 

X-1 

(i,  i  =  1,  .  .  .,n), 
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where  the  third  subscript  on  the  functions  corresponds  to  the  subscript 
on  the  matrix.  We  have  akeady  obtained  a  solution  of  an  equation 
of  the  form 

/+  (x)  —  /-  (x)  =  r P  (x)  gi.x,«-i+  (x)  axj  (x)    along  C 

(compare  with  (7))  in  the  form  of  a  definite  integral.  By  forming 
the  sum  o{f-^{x)  and /-(a:)  for  X  =  1, .  .,n  we  obtain  for  every  i  and  J, 
elements  Pi,j,m'*'  (x)  and  Pij,m~  (x)  which  form  the  elements  of  Pj^'^ix) 
and  P«",(^)  with  the  desired  property  (14). 

Likewise  we  can  break  up  the  second  one  of  the  mth  pair  of  matrix 
equations  (14)  into  n^  equations.  A  solution  may  here  be  built  up  in  a 
similar  way  (compare  (7').  It  must  be  observed  that  since  the  de- 
terminant of  A(x)  does  not  vanish  along  C,  the  elements  of  A-^(x) 
satisfy  the  conditions  imposed  on  a{x)  at  the  outset. 

Now  if  we  recall  the  method  of  solution  of  (14),  it  is  clear  from 
(10),  (10')  that  along  C  the  maximum  modulus  of  any  element  of 
Pm~{x)  or  Qm'^ix)  does  not  exceed  ruL^-i  where  L^-i  denotes  the 
maximum  modulus  of  any  element  of  P^^^rix)  or  Qm-^^ix)  along  C, 
and  €  is  arbitrarily  small  uniformly  for  all  values  of  m.  This  relation 
may  be  expressed  in  the  simpler  form 

(15)  Ln^n€Ln-i. 

The  series  formed  by  the  elements  in  any  ith  row  and  jth  column  of  the 
series  of  matrices 

Po-(x)  +  Prix)  +  . . .,         QoHx)  +  QiHx)  +  . . ., 

will  therefore  converge  absolutely  and  uniformly  provided  that  e  is 
taken  so  small  that  n€  <  1. 

But  the  sums  of  m  +  1  terms  of  these  two  series  of  matrices  are 
Ffn~{x)  and  G^'^  (x)  respectively,  whose  elements  therefore  converge 
uniformly  to  the  elements  of  matrices  F~{x)  and  G^(x)  of  regular  outer 
and  inner  functions  respectively.  If  we  recall  that  Po~(x)  =  0,  and 
that  the  integral  form  of  representation  of  each  element  of  P^"  (jc) 
(see  (2))  makes  each  element  of  this  matrix  reduce  to  zero  at  or  =  oo  , 
it  is  plain  that  at  infinity  F-(x)  reduces  to  the  matrLx  0. 

If  we  turn  now  to  consider  F„+  (x)  and  G„"  (x)  along  C,  we  see  from 
what  precedes  and  from  equations  (12),  that  these  matrices  also 
converge  uniformly  along  C,  and  therefore  respectively  within  C  and 
without  C,  to  matrices  F-*-{x)  and  G~{x)  of  regular  outer  and  inner 
functions.  Since  Gg'ix)  =  0,  it  is  clear  that  G-{x),  as  well  as  F'{x), 
reduces  to  0  at  a:  =  oo  . 
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The  matrices  F-{x),  f +(ar),  G-(x),  G+W  thus  obtained  will  satisfy 
(ll),.as  appears  from  (12)  by  letting  n  become  infinite. 

§  4.     Application  to  the  Solution  of  a  Single  Matrix  Equation, 

Multiply  the  second  matrix  equation  (11)  on  the  right  by 
r^(x)A(x)  and  subtract  it,  member  for  member,  from  the  first  equation 
(11).     There  results 


(16) 


F^  (x)  =  rP  (x)  [I  +  G-  {x)]  A  {x)    along  C. 


Inasmuch  as  G~{x)  reduces  to  a  matrix  of  zero  elements  at  x  =  oo , 
the  determinant  of  /  +  G"(ar)  and  also  of  F+(ar)  is  not  identically  zero. 
The  matrix  equation  (16)  admits  of  further  simplification.  In  fact 
the  function  log  t{x)  is  analytic  along  C  and  increases  by  2^  V— .  1 
as  X  makes  a  positive  circuit  of  C.     If  c  lies  within  C  the  function 

<i>  {x)  =  logr  (x)  —  log  {x'c) 

is  accordingly  single-valued  as  well  as  analytic  along  C.  But  4>{x)  is 
of  the  form 

T^{x)g^{x)a{x)       (p  =  0,  g{x)  =  1,  a{x)  =  «(«)), 

so  that  by  (7)  we  can  find  6^  {x)  and  6~  {x)  such  that 

^  (.r)  —  ^  (x)  =  </»  {x)    along  C; 

this  gives  us 

rP{x)  =  (x-c)PeP«"C*)eP<?-(x). 

Now  let  us  write 

^{x)  =  e-^^^'^F^{x),       ^{x)  =  {x-^ye^^'^'^[I+  G'{x)]. 

By  these  equations  we  define  ^(x)  as  a  matrix  of  regular  inner  func- 
tions, and  ^(x)  as  a  matrix  of  fimctions  analytic  outside  of  C  except 
for  a  pole  of  order  j>  at  x  =  oo ,  and  contijiuous  along  C;  the  determi- 
nant of  neither  ^{x)  nor  ^{x)  vanishes  identically.  Between  ^(x)  and 
^(x),  by  (16),  we  have  the  matrix  relation 


(17) 


^  (x)  =  ^  (x)  A  (x)    along  C. 


It  is  this  type  of  matrix  equation  which  is  important  for  the  present 
paper. 
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§  5.     Further  Properties  of  ^(x)  and  ^(a;). 

It  is  necessary  for  us  to  investigate  further  the  nature  of  any  solu- 
tion ^  (a:),  ^  (x)  of  (17)  in  the  neighborhood  of  the  curve  C,  In  the 
first  place,  it  is  to  be  observed  that  at  points  of  C  where  all  of  the 
elements  of  A{x)  are  analytic,  the  same  is  true  of  the  elements  of  ^(x) 
and  ^(x);  in  truth,  the  equation  (17)  shows  us  that  analytic  extension 
is  possible  across  the  curve  at  such  points. 

We  shall  prove  that  the  elements  of  these  matrices  possess  derivatives 
of  all  orders,  continuous  at  all  points  of  C. 

Since  the  elements  of  A  (x)  have  line  derivatives  of  all  orders  along 
C  we  may  write,  for  t  and  y  upon  C, 

(18)     A{t)  =  A{y)+{t-y)£A{y)+... 

+  ^-~^f  -j^A{y)+{t-yYB{t,y\ 

where  the  elements  of  B{ty  y)  are  continuous  functions  of  t  and  y 
along  C.^  Also  by  Cauchy's  integral  formula  in  matrix  form  we 
have  from  (17)  for  x  within  C 

S-Ui.  w  _  (-l)*-'(fc  -  1) !  f  *«)  A  it)  .,,._„,        ^ 

'd?-^         j^zr\^Jc  if-xW  *"  (*  -  2.  3. . . .). 

If  we  substitute  the  above  expression  for  A{t)  in  this  last  equation,  we 
obtain  a  number  of  terms  of  the  form  (save  for  a  constant  multiplier) 

The  integral  is  not  altered  in  value  if  C  is  replaced  by  C2  which  Ues 
outside  of  C.  Therefore  each  of  these  terms  represents  a  function 
anal^'tic  in  x  and  continuous  in  y  along  C.  There  remains  a  single 
term  not  of  the  form  (19),  namely 

(-  l)'^-^  (k 


2xV 


fc^'^X(^!)'*«''<'-'- 


7  When  a  differentiation  or  integration  sign  appears  before  a  matrix,  it  is^ 
understood  to  apply  to  each  separate  element  of  the  matrix.  The  stated 
property  of  B(t,  y)  comes  at  once  from  the  explicit  formula 
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If  now  X  be  made  to  approach  a  point  xq  of  C,  and  if  2/  be  taken  as  the 
foot  of  the  nonnal  from  a;  to  C,  this  term  approaches  a  limit  which  b 
continuous  along  C  In  fact  the  factor  (<  —  y)*/(<  —  a:)*  remains  finite 
for  i  along  C,  and  approaches  the  limit  1  uniformly  save  in  the  vicinity 
of  x^^.  Thus  if  X  (and  y  also  of  course)  approaches  xq,  d*-^^  (x)/cfcc*-^ 
approaches  a  limit  along  C  continuous  for  an  arbitrary  xq. 

A  similar  proof  shows  that  ^(ar)  has  derivatives  of  all  orders,  con- 
tinuous outside  of  and  along  C.  This  proof  is  based  on  the  fact  that 
the  elements  of  A-\x)  satisfy  the  restrictions  placed  on  the  function 
a{x)  in  §  1. 

The  above  results  also  lead  to  the  conclusion  that  at  any  point  7  of  C 
at  which  one  or  more  elements  of  A{x)  fails  to  be  analytic,  the  ele- 
ments of  ^{x)  and  ^  (ar)  admit  of  asymptotic  expansion  in  a  series  in 
positive  integral  powers  of  x  —  7.  This  is  an  immediate  consequence 
of  an  expansion  like  (18)  for  ^{x)  or  ^(x)  in  which  now  i  and  y  can 
be  any  points  within  or  without  C  respectively,  and  B  (<,  y)  is  contin- 
uous in  i  and  y} 

§6.-4  Normal  Form  for  ^{x)  and  ^(ar). 

By  a  series  of  simple  normalizations  it  is  always  possible  to  obtain 
a  solution  ^(ar),  ^(a:)  of  (17)  such  that^(a;)  is  (as  before)  a  matrix  of 
regular  inner  fimctions,  and  ^{x)  is  a  matrix  of  function  analytic, 
without  C  in  the  extended  plane  except  for  a  possible  pole  at  a*  =  00 , 
and  furthermore  such  that  \  ^(x)  \  does  not  vanish  within  or  on  C,  and 
I  ^(ar)  I  does  not  vanish  toithotU  C 

This  solution  may  be  directly  obtained  from  that  found  in  §4. 
If  I  ^{x)  I  vanishes  at  ar  =  c  within  C  say,  we  can  determine  a  matrix  M 
of  constants  such  that  all  the  elements  of  the  first  row  of  M  ^{x) 
vanish  at  x  =  c,  while  |  3/ 1  p^  0.  Now  M^  (ar),  3f^  (x)  yield  a  new 
solution  of  (17),  which  has  the  properties  given  for  ^(x),  ^(x)  in  §  §  4, 5. 
If  we  divide  the  elements  of  the  first  row  of  M  ^{x)  hy  x  —  c,  we  obtain 
a  matrix  ^{x)  of  functions  analytic  within  C  and  continuous  along  C; 
if  the  same  operation  be  applied  to  ^(a*),  we  obtain  ^(x),  a  matrix 
of  functions  analytic  without  C  in  the  extended  plane  save  for  a  pos- 
sible pole  at  X  =  00 .  Moreover  ^(x)  and  ^(x)  yield  a  solution  of  (17), 
since  the  effect  of  this  operation  is  to  alter  the  matrix  on  either  side 
only  in  the  removal  of  a  factor  x  —  c  from  the  first  row.  By  thb 
device  we  have  diminished  the  multiplicity  of  the  zero  of  |  ^(x)  |  at 

8  For  the  relation  between  the  existence  of  derivatives  and  of  asymptotic 
series  see  W.  B.  Ford,  Bull.  Soc.  Math.  France,  89,  347-352  (1911). 
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X  =  chy  one  unit,  without  the  introductioii  of  further  zeros  of  |  <I>(j)  | 
or  I  ^(o*)  I  in  the  finite  plane. 

An  entirely  similar  process  eliminates  a  zero  of  |  ^(x)  |  witfaottt  C, 
or  a  zero  of  |  ^{x)  \  and  |  ^(o-)  |  along  C,  In  consequence  of  the 
results  of  §  5,  if  either  of  these  functions  vanishes  along  C,  the  other 
does  also,  both  at  least  to  the  first  order. 

This  process  may  be  continued  so  long  as  there  remain  zeros  of 
^(x)  or  ^(x).  It  must  however  finally  come  to  an  end.  If  this  were 
not  the  fact  it  would  follow  at  once  that  both  |  ^{x)  \  and  |  ^(x)  |  have 
a  zero  of  infinite  multiplicity  at  some  one  point  of  C  where  an  element 
of  A{x)  fails  to  be  analytic.  But  this  cannot  be  the  case,  for  let  <I>(x) 
and  ^(ar)  be  a  solution  of  the  following  matrLx  equation 

(20)  i  (x)  =  A-'{x)  ^  (x)     along  C, 

where  the  elements  of  ^{x)  and  ^(ar)  are  restricted  like  ^(x)  and  ^(x) 
were  found  to  be  in  §  4.  The  existence  of  such  a  solution  becomes 
manifest  by  a  mere  interchange  of  the  r61e  of  row^s  and  columns  in 
what  precedes.     Now  from  (17)  and  (20)  we  conclude  that 

Xx)  '•.i(a-)  I  =  i^(x)  i-;^(x)  '     alongC. 

The  function  represented  by  either  side  of  this  equality  is  not  identi- 
cally zero;  and  it  appears  from  the  two  representations  that  it  is 
analytic  in  the  finite  plane,  and  analytic  or  with  a  pole  at  infinity. 
Hence  this  function  is  a  polynomial,  and  the  multiplicity  of  the  zeros 
of  either  |  ^{x)  \  or  |  ^(x)  |  at  any  point  of  C  is  finite. 

When  the  process  comes  to  an  end  the  following  result  has  been 
obtained:  if  the  elements  of  A{x)  are  unlimitedly  differentiable  along 
C,  analytic  save  at  a  finite  number  of  points  of  C,  and  if  |  -^(a-)  |  is 
not  zero  along  C,  there  exists  a  solution  ^(x),  ^(.r)  of  the  equation  (17) 

4>  (x)  =  ^  (x)  A  (x)     along  C, 

in  which  the  elements  of  4>(x)  are  analytic  within  C,  unlimitedly  differ- 
entiable along  C,  and  ^(x)  is  of  determinant  not  zero  within  or  on  C; 
and  in  which  the  elements  of  ^(x)  are  analytic  without  C  in  the  ex- 
tended plane  save  for  a  possible  pole  at  x  =  x ,  unlimitedly  differen- 
tiable along  C,  and  ^(x)  is  of  determinant  not  zero  without  C. 

Here  the  point  x  =  oo  appears  as  an  exceptional  point.  It  is  evi- 
dent that  an  arbitrary  point  x  =  a  not  on  C  may  be  used  to  take  the 
role  of  the  point  at  infinity.  In  fact  a  may  also  be  taken  to  be  a  point 
of  C.     When  this  is  the  case,  the  elements  of  <l>(x)  and  ^(x)  are  finite, 
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or  become  infinite  to  finite  order  at  a:  =  a.  To  obtain  such  a  solution 
^(x),  ^(ar)  it  is  only  necessary  to  divide  each  element  of  ^(x)y  ^(j:) 
by  a  suitable  power  of  a:  —  a,  so  chosen  as  to  make  each  element  of 
these  matrices  analytic  at  a:  =  oo  ;  and  then  to  apply  the  normaliza- 
tion above  indicated,  letting  l/x  —  a  replace  x.  The  curve  C  can  also 
be  taken  to  be  a  simply  closed  analytic  curve  which  passes  through 
x=  oo. 

The  main  part  of  the  conclusion  that  has  been  deduced  above  was 
obtained  by  Hilbert  and  Plemelj  (loc.  cit.)  with  the  aid  of  the  Fredholm 
theory  of  linear  integral  equations.  Independently  of  their  work,  I 
treated  a  special  case  (see  I,  §  1)  which  arose  in  a  different  form  in 
connection  with  my  study  of  the  irregular  singular  i>oints  of  ordinary 
linear  differential  equations. 

My  proof  in  this  special  case  suggested  to  me  the  above  treatment 
of  the  general  case  by  the  method  of  successive  approximations. 
The  restrictions  here  placed  on  the  elements  of  A  (x)  and  on  the  curve 
C  are  not  essential  to  this  treatment,  and  I  have  very  little  doubt  that 
these  may  be  replaced  by  the  weaker  restrictions  of  Hilbert  and  Plemelj. 
Nevertheless  I  have  been  content  to  use  the  simplest  restrictions 
consistent  with  the  applications  in  view. 

A  second  proof  in  the  special  case  has  recently  been  given  by  me. 
Math.  Ann.,  vol.  74  (1913)  pp.  122  (see  also  Bull.  Am.  Math.  Soc, 
vol.  18,  1911,  p.  64).  This  second  proof,  which  suggested  itself  to  me 
at  about  the  same  time  as  the  first,  is  practically  the  same  as  that  given 
by  Hilbert  and  Plemelj.  To  my  considerable  regret  this  relation- 
ship escaped  my  observation  until  it  was  too  late  for  me  to  make 
suitable  reference. 

§  7.     The  Preliminary  Theorem. 

The  following  is  an  extension  of  the  preceding  results  which  is 
convenient  for  the  applications: 

Preliminary  Theorem.  Let  d,. . .,  Cr  be  r  simply  closed  analytic 
curves  in  the  extended  complex  plane.  Let  Ai(x),. . . ,  Ar{x)  be  matrices 
of  functions  defined  and  unlimitedly  differeniiable  along  Ci, .  .  . ,  Cr 
respectively,  analytic  save  at  a  finite  number  of  points  of  these  curves  and 
of  determinant  not  zero.  If  furthermore  at  any  point  of  intersection  of 
Cay  Cfiy  the  matrices  Aa{x)y  Apix)  are  such  that  the  formal  derivatives  of 
all  orders  of  the  matrix 

(21)'  A,{x)Afi{x)-A(,{x)A.{x^ 
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vanish,  there  exists  a  matrix  €>(x)  with  the  following  properties: 

(1)  each  element  of  ^{x)  is  analytic  except  along  Ci, . . . ,  C,  and  at  an 
arbitrary  point  x  ^  a  where  the  elements  may  become  infinite  to  finite 
order;  \  ^(x)  \  nowhere  vanishes  save  possibly  atx  =  a; 

(2)  the  elements  of  ^(x)  are  continuous  and  unlimitedly  differeniiable 
along  each  curve  Ci  from  either  side,  analytic  from  either  side  sate  at 
points  of  intersection  of  the  curves,  or  at  those  points  where  an  element  of 
Ai{x)  fails  to  be  analytic,  or  at  x  =  a;  if  a  lies  on  a  curve  Ci,  the  matrix 
(x  —  a)'  Ai{x)  [or  x'^Aiix)  if  a  =  oo  ]  w  unlimitedly  differentiable  along 
Ci  for  a  suitable  l.^ 

(3)  ifa  +  and  —  side  of  each  curve  Ci  are  chosen,  then 

.2^>  *  ix)  =  [J^.  *  (x)]  Ai  (r,)        (t  =  1,  . .  ..r). 

where  the  approach  to  the  arbitrary  point  Xi  of  Ci  is  along  the  +  and  — 
side  respectively. 

Let  us  begin  by  establishing  the  theorem  in  the  case  when  a  is 
not  a  point  of  Ci, . . . ,  C^.  It  has  already  been  established  f or  r  =  1 
(see  §  6),  with  the  single  notational  difference  that  ^(x)  was  replaced 
by  either  of  two  matrices  ^(x)  and  ^  (x),  according  as  x  was  within  or 
without  C,  To  establish  the  theorem  then,  we  need  only  show  that 
if  it  is  true  for  r  ^  A;  it  is  also  true  f or  r  =  k  +  1,  when  the  theorem 
follows  by  induction. 

Assume  that  ^jt  (x)  is  the  solution  for  r  =  k,  and  for  the  matrices 
Ci,.  ..,Cky  Ai{x),  ...,Ai,  (x),  where  Ci, . . . ,  C^i,  and  Ai  (x), . . .,  ^t+i(a:) 
satisfy  the  requirements  of  the  theorem  for  r  =  A:  +  1.  Let  us  sup- 
pose for  the  moment  that  a  solution  ^t+i  (x)  exists  with  the  desired 
properties.     If  we  write 

(22)  *i+i(a:)=  U{x)^k{x), 

the  following  facts  are  clear  from  (1),  (2),  (3)  of  the  theorem:  (1') 
each  element  U  (x)  is  analytic  except  along  Ci, . . . ,  C^^i  and  at  the 
specified  point  a,  where  its  elements  may  become  infinite  to  finite 
order;  |  t7  (x)  |  nowhere  vanishes  save  possibly  at  x  =  a;  (2')  the 
elements  of  U{x)  are  continuous  and  unUmitedly  differentiable  along 
each  curve  C,  from  either  side,  analytic  save  at  points  of  intersection 

9  A  function  will  be  termed  unlimitedly  differentiable  at  x  «  oo  if  when  we 
write  X  <=  1/x',  the  fimction  of  x'  obtained  by  the  substitution  is  unlimitedly 
differentiable  at  x'  =  0. 
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at  the  point.  Thus  the  elements  of  (23)  are  unlimitedly  differentiable 
in  the  neighborhood  of  such  a  point  along  Cj^^i.  The  same  is  true  at 
more  complicated  points  of  intersection  or  points  of  contact,  as  a 
similar  argument  shows. 

The  theorem  is  now  demonstrated,  at  least  for  the  case  when  a 
does  not  lie  on  a  curve  Ci, . . . ,  C^.  If  a  does  lie  on  such  a  curve,  we 
first  choose  an  a'  which  is  not  on  these  curves  to  replace  a,  and  then 
resort  to  the  simple  device  used  at  the  close  of  §  6  to  replace  a'  by  a. 

Part  II:    The  Problem  of  Riemann  and  its  Generalization. 

§  8.     On  Cauchy  Matrices. 

Let  r  be  a  matrix  of  constants  of  determinant  not  zero,  correspond- 
ing to  the  coefficients  of  a  linear  transformation.  According  to  the 
well-known  theory  of  classification  of  such  matrices,  based  on  the 
Cayley-Weierstrass  elementary  divisor  theory,  we  may  write 

T  =  C'^rc, 

where  C  is  a  matrix  of  constants,  and  in  general  V  is  of  the  form  {pfiij)* 

Consider   along   with   the   matrix   /',    the   matrix   of   functions 

r {x)  =  {J^ihi^  where  2Trkj^—l  =  logp^  0  =  1,. . .,  n).     When  x 

makes  a  positive  circuit  of  x  =  0,  /'(a:)  becomes  /'(a?)  /'.     The  matrix 

r(x)  =  /'(x)c 

will  accordingly  alter  to 

r{x)rc  =  i(x)C'C'U'c  =  t(x)  t, 

when  X  makes  such  a  circuit,  i.  e.  T{x)  will  be  affected  by  the  prescribed 
linear  transformation. 

Such  a  matrix  T{x)  or  a  simple  modification  thereof  exists  for  every 
transformation  T  and  is  called  a  Cauchy  matrix.  ^°  A  certain  measure 
of  arbitrariness  enters  into  the  determination  of  T{x)  when  T  is  given; 
in  general  ku  -  -  iK  are  undetermined  up  to  an  additive  integer. 
We  note  that  the  determinant  of  T{x)  is  not  zero  for  a:  p^  0,  oo . 

A  final  property  of  the  Cauchy  matrices  which  is  important  for  us 
is  that  they  form  the  matrix  solution  of  a  linear  differential  system 

dr(x)__ 

x-^^-^LT{x). 

10  Cf.  Schlesinger,  Vorlesungen  iiber  lineare  Differentialgleichungen,  pp. 
122-140,  where  a  complete  treatment  is  given. 
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(26)  Ai^r'Ai  =  Ti       (i  =  1, .  .  .  ,m). 

Here  Ai,  for  example,  may  be  taken  at  pleasure  and  A2,. .  .,Afn  are 
then  determined.  Define  a  matrix  A{x)  along  D  to  be  equal  to  Af 
on  that  part  of  the  curve  which  lies  between  Ci  and  Cf+i  [C„+i  =  Ci] 
and  equal  to 

(27)     P-^^*-'  +  -J—;- ^'  (» = 1.  •  •  •  '^) 

for  a:  on  the  part  of  D  within  Cj.  We  will  suppose  that  /»,  m,  and  Z> 
were  so  chosen  that  D  does  not  pass  through  one  of  the  finite  number 
of  point  for  which  the  determinant  of  any  matrix  (27)  vanishes. 

The  matrix  A{x)  as  here  defined  is  continuous  along  Z),  analytic 
save  at  the  points  where  D  intersects  Ci, . . . ,  Cm,  and  of  determinant 
not  zero  along  D, 
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(31)     ,11^.+  *  (a:)  =  [,1I^-  *  (x)]  Ai  (xi),      Mx)  ^  U  (x)  Zr'  (x-Oi). 

(i=  1, .  .  .,m). 

This  suggests  another  application  of  the  preliminary  theorem,  since 
the  curves  Ci,. .  .,C„  and  the  matrices  Ai{x),. . .,  A^ix)  of  known 
functions  satisfy  the  necessary  restrictions. 

_  Let  ^{x)  be  the  solution  given  by  the  theorem  for  a  =  a^,  and  let 
Zi{x),. .  .,Zn(x),  Z(x),  be  defined  as  equal  to  ^(x)  within  Ci,. . .,  (?„ 
and  outside  of  these  curves  respectively.  These  functions  will  then 
satisfy  (30).  Let  Y(x)  be  defined  by  (29).  This  matrix  is  cleariy 
composed  of  elements  analytic  without  and  along  Ci, . . . ,  C«,  as  are 
those  of  U{x);  within  Ci,  Y{x)  continues  analytically  into 
Zi(x)Zi{x  —  Oj)  by  (30)  for  i  =  1,. . .,  m,  and  consequently  its  ele- 
ments are  analytic  throughout  the  plane  except  possibly  Sit  a^  . .  .,(i^; 
its  elements  become  infinite  only  to  a  finite  order  at  a,  since  the 
elements  of  Z,(x  —  a,)  become  infinite  only  to  finite  order  at  a,. 
Furthermore  by  (29)  Y{x)  undergoes  a  linear  transformation  to 
Y  (x)  Ti  as  X  makes  a  positive  circuit  of  Oj.  Thus  the  Riemann  prob- 
lem has  been  solved. 

It  is  worthy  of  note  that  |  F  (ar)  |  does  not  vanish  for  x  ^  Oi 
(i  =  1,  . . .,  w).  This  is  an  immediate  consequence  of  the  fact  that 
I  Z\{x)  |,  . . .,  I  Z^{x)  I,  I  Z{x)  I  do  not  vanish  in  their  regions  of  defini- 
tions save  at  these  points,  and  of  the  fact  that  the  Cauchy  matrix 
Zi{x  —  Oj)  has  a  determinant  which  does  not  vanish  save  possibly  at 
X  =  a,  and  x  =  oo  . 

§  10.     A  Generalization,    Equivalence, 

A  more  general  result  can  be  deduced  exactly  as  the  results  of  §  9 
were  obtained.  Let  us  say  that  two  matrices  of  functions  Fi  (x)  and 
Yiix)  whose  elements  are  analytic  in  the  vicinity  of  x  =  a,  but  not 
in  general  single-valued  or  analytic  at  x  =  a,  are  properly  equivalent 
a^  X  ==  a  if  we  have 

yi(x)  =  ^(x)y2(x). 

where  A(x)  is  composed  of  elements  single-valued  and  analytic  at  x= a, 
of  determinant  not  zero  there;  if  this  condition  is  not  satisfied, 
but  if  the  elements  of  ^l(x)  have  a  pole  or  are  analytic  at  x  =  a,  let 
us  say  that  yi(x)  and  y2(x)  are  improperly  equivalent  aix  =  a. 

This  definition  is  convenient  for  the  statement  of  the  following 
result :  Let  a\,  . . . ,  a^he  vi  given  points;  let  Ti,  . . .,  T^be  matrices  of  con- 
stants such  that  Tn  T^-i . . .  Ti  =  /;  let  Zi  (x),  . . . ,  Z^,  (x)  be  matrices  of 
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The  matrix  of  elements  on  the  right  can  be  written  in  the  fonn 

(x'-'an)Hau+bn{x—am)  +  ...),...,  {x—am)Hain  +  bm  (ar— a,,)  + . . . ) 

(33) 

{x—an)H<^i+bni{x—am)  +  ...),...» (ar— a,i)*»(fl«»+6iin(ar  —  a„»)  + . . . ) 

Here  it  is  supposed  that  the  exponents  of  the  Cauchy  matrix  do  not 
differ  by  integers;  but  a  similar  form  can  be  found  in  all  cases.  In 
each  column  of  Y{x)  the  highest  possible  power  of  ar  —  a,,  is  exhibited 
which  leaves  the  coefficients  of  this  power  analytic  in  character  at 

x^  On- 

If  I  Of^- 1  ^  0  we  can  write  this  matrix  in  the  form  A(x)r  {x  —  a^)^ 
where  /'  (x)  is  the  matrix  (a:*>^;,),  and  where  A  (x)  b  the  matrix  ob- 
tained from  (33)  by  striking  out  the  exhibited  powers  of  or  —  a.  From 
the  equation 

Y(x)^A{x)r(x^a^)C-' 

we  see  that  Y{x)  is  properly  equivalent  to  a  Cauchy  matrix  belonging 
to  r  at  X  =  a«. 

On  the  other  hand  if  |  o^^  |  =  0  we  proceed  as  follows :  It  is  readily 
verified  that  if  Y{x)  be  one  matrix  solution  of  the  Riemann  prob- 
lem satisfying  the  relation  of  equivalence  given  in  §  10,  then 
DY (x)  [\  D  \  9^  0]  is  also  a  solution.  Consequently  it  is  no  restric- 
tion in  the  consideration  of  (33)  to  assume  that 

an  =  ai2. . .  =  ai„  =  0, 

since  when  |  a^j  |  =  0  this  relation  may  always  be  made  to  hold 
by  multiplying  on  the  left  by  a  suitable  matrix  D.  Denote  by 
2/1  {x)f. .  yVn  (j*)  the  elements  of  the  first  row  after  a  factor  {x  —  a,„)' 
has  been  removed,  where  /  is  the  exponent  of  the  highest  power  of 
X  —  a^  that  may  be  taken  out  and  leave  the  elements  i/i  (jr), . . . ,  y^ix) 
of  the  respective  forms 

(x— am)*' (/i  + fl^i  (.c  —  aj +  ...),..-,  (j:  — am)*" (/n  + ^n(x  — am) +  .. .) 

It  follows  that  /i,   .  . ,  /n  are  not  all  zero. 

We  may  now  add  constant  multiples  of  j/i  (x), . .  . ,  y^  {x)  to  the  succes- 
sive rows  of  Y{x)  and  obtain  a  new  matrix  Y{x).  In  fact  this  is  equiva- 
lent to  multiplying  Y{x)  on  the  left  by  a  matrix 
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1,  0 0 


(X  -  a^r 


0, 


1 


Inasmuch  as  |  P(x)  |  =  1,  and  the  elements  of  P{x)  are  analytic  save 
at  ar  =  OjB,  this  modification  cannot  affect  any  of  the  properties  already 
secured  for  Y{x).  However  by  choosing  C2,. . .,  c,„  properly  we  can 
clearly  make  all  the  coefficients  oa,, . . .  a„,  vanish  at  ar  =  o^  pro- 
vided fi  7^  0.  In  this  manner  we  can  increase  an  exponent  ki  by  1 
without  altering  the  determinant  of  Y{x)  except  by  a  constant  factor. 

Inasmuch  as  |  F(j^)  |  does  not  vanish  identically,  a  succession  of 
steps  of  this  type  will  finally  bring  to  light  a  solution  Y  (x)  for  which 
Y{x)  C  has  the  form  (33)  and  in  addition  \aij\^  0.  When  this 
stage  is  reached  Y{x)  will  be  properly  equivalent  to  a  Cauchy  matrix 
belonging  to  T^  at  the  point  a«,. 

When  Y{x)  has  thus  been  given  a  normal  form,  it  is  the  solution 
of  a  linear  differential  system  (24)  with  regular  singular  points  at 
a:  =  ai, . . . ,  a„  and  having  no  other  singular  points,  as  may  be  at  once 
proved.^^  The  elements  of  R(x)  therefore  have  the  form  of  rational 
functions  whose  numerators  are  polynomials  in  x  of  degree  at  most  m  —  2, 
and  whose  denominators  are  the  product  of  (a:  —  ai),  . . .,  (ar  —  o^). 

§  12.     Irregular  Singular  Points  and  Canonical  Systems. 

The  Cauchy  matrix  is  the  simplest  possible  matrix  of  functions  to 
which  a  matrix  solution  of  a  given  linear  differential  system  is  properly 
equivalent  at  a  regular  singular  point.  Let  us  determine  the  simplest 
possible  matrix  Z{x)  to  which  the  matrix  solution  Y(x)  of  a  given  linear 
differential  system  (24),  in  which  the  elements  of  R(x)  need  not  be 
rational,  is  properly  equivalent  at  a  prescribed  irregular  singular  point. 
It  is  convenient  to  take  this  point  to  lie  at  infinity.  If  the  highest 
order  of  any  pole  of  an  element  of  xR(x)  &t  a:  =  oo  is  p  +  1  (p  ^  0), 
then  p  +  1  is  said  to  be  the  rank  of  the  singular  point  a:  =  oo. 

According  to  the  results  of  §  10  we  can  find  a  matrix  Z{x)  which  at 
a-  =  00  is  properly  equivalent  to  Y  (x)  and  at  another  point  x  =  0 


13  Schlesinger,  loc.  cit.  pp.  215-221. 
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is  improperly  equivalent  to  a  Cauchy  matrix  which  at  a:  =  0  undergoes 
a  transformation  inverse  to  that  which  Y  (x)  undergoes  at  a:  =  oo . 
Here  we  take  m  =  2,  ai  =  0,  02  =  QO.  The  condition  72ri  =  /  b 
satisfied. 

By  means  of  a  modification  precisely  like  that  of  §  11  we  can  make 
Z(x)  properly  equivalent  to  a  suitable  Cauchy  matrix  at  ar  =  0,  and 
yet  preserve  the  other  properties  listed  in  §  10. 

Now  consider 

Since  |  Z  |  (a:)  |  ?^  0  for  x  ?^  0,  00 ,  and  since  Z(x)  and  dZ{x)/dx 
undergo  the  same  substitution  about  x  =  0,  the  elements  of  Ri(x)  are 
single-valued,  and  analytic  for  ar  ?^  0,  00 .  Since  Z(x)  is  properly 
equivalent  to  a  Cauchy  matrix  at  a:  =  0,  the  elements  of  Ri{x)  have 
poles  of  at  most  the  first  order  at  x  =  0.^*  Moreover  since  Z{x)  is 
properly  equivalent  to  Y(x)  at  a:  =  00  we  have 

Z(x)  =  A{x)Y{x\ 

where  the  elements  of  A(x)  are  analytic  at  a:  =  00  and  also  |  ^(ar)  |  5«^  0 
at  a;  =  QO .    Therefore  we  obtain 

and 

AW  =  ^2-^z-(.)  =  [a  (x)r(.)  +  ^-^]a-Hx). 

Hence  the  elements  of  Ri(x)  are  analytic  or  have  a  pole  of  order  not 
greater  than  p  at  a:  =  00 . 

From  this  analysis  it  follows  that  xRi{x)  is  a  matrix  of  polynomials 
of  degree  at  most  p  +  1,  so  that  Z{x)  is  itself  the  solution  of  a  linear 
differential  system 

(34)  xf^=P{x)Z, 

where  P{x)  is  a  matrix  of  polynomials  of  degree  at  most  p  +  1.  This 
is  the  canonical  form  of  equation  with  an  irregular  singular  point  of 
rank  p  +  1  at  ar  =  00 . 

At  a  finite  singular  point  x  =  a,  the  canonical  system  is  of  a  type 
obtained  from  (34)  by  a  transformation  x'  —  a  =  l/x. 

14  The  detailed  proof  is  entirely  similar  to  that  given  herewith  to  determine 
the  nature  of  the  elements  of  i?  (x)  at  x  =  00 .  Cf .  Schlesinger,  loc.  cit., 
pp.  143-144. 
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In  order  not  to  introduce  artificial  difficulties  we  shall  consider  the 
regular  singular  point  to  be  of  rank  zero.  To  this  case  the  above 
argument  applies  also,  and  the  canonical  system  is  that  satisfied  by  a 
Cauchy  matrix. 

If  Y(x)  is  the  matrix  solution  of  a  differential  system  (24)  in  which 
the  elements  of  R{x)  are  rational,  the  above  argument  shows  that  at 
each  of  its  singular  points  ai, . . . ,  a„„  Y{x)  is  properly  equivalent  to 
the  matrix  solutions  Zi(ar),. . .,  Zfl,(jr  —  a„)  of  canonical  differential 
systems. 

Conversely  the  results  of  §  10  lead  to  the  conclusion  that  given 
Ti, . . . ,  r>, such  that  r„r„_i . .  .Ti=  I,  and  canonical  differential  sys- 
tems belonging  to  the  singular  points  ai, . . . ,  a«,  with  matrix  solutions 
Zi  (x), . .  .,Zn{x)  undergoing  a  transformation  to  Zi  (x)  fi, . . . ,  Z,„(a:)  T^ 
at  these  points'  respectively,  there  will  exist  a  matrix  solution  Y(x) 
of  a  rational  differential  system  (24)  which  undergoes  a  transformation 
to  Y(x)  Ti  as  x  makes  a  positive  circuit  of  a<  and  which  is  properly 
equivalent  to  Zi{x)  at  this  point,  for  i  ==  1, . . .,  m  —  1,  and  properly  or 
improperly  equivalent  to  Z,„  (x)  at  a:  =  a,,,. 

It  is  therefore  essential  to  obtain  a  characterization  of  the  matrix 
solution  of  a  canonical  system  (34),  and  further  to  solve  the  associated 
inverse  problem,  before  solving  the  general  problem  of  characteriza- 
tion for  a  system  (24)  with  irregular  singular  points. 

§  13.     The  Problem  of  the  Irregular  Singular  Point. 

In  my  paper  referred  to  ^^  I  characterized  the  nature  of  the  matrix 
solution  of  a  canonical  linear  differential  system  (34),  at  least  in  the 
case  that  the  roots  of  a  certain  characteristic  equation  were  distinct; 
the  case  of  equal  roots  introduces  complications  of  an  algebraical 
nature,  and  is  put  to  one  side  in  the  present  paper. 

The  results  which  I  obtained  may  be  recapitulated  as  follows: 
If  the  singular  point  is  taken  at  x  =  oo ,  there  exists  a  formal  matrix 
solution  of  (34) 

S{x)  =  {e^^'^3*mj(x)), 
(35)  K(x)  =  a^^q:^  +  ft-^+...+V,      U=h...,n), 

»(j(x)  =  »ii  +  V^-  +  •  •  •.      (*.i  =  1,  •  .  ..  n), 


15  I,  §S  6.  7. 
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where  |  Sij  \  9^  0.  The  quantities  ai, . . . ,  a«  are  the  roots  of  the  char- 
acteristic equation  alluded  to,  and  the  series  Sij  (x)  are  in  general  di- 
vergent. We  shall  assume  for  the  time  being  that  no  three  of  the 
points  ai, . . . ,  On  he  on  the  same  straight  line  in  the  complex  plane. 
Let  now  n,  . .  .,Tjf  denote  the  iV  =  n  (n  —  1)  (p  +  1)  arguments 
in  order  of  increasing  angular  magnitude  such  that  for  some  j  and 

k  U  ^  k) 

(36)  a*  { (a>  —  at)  x^^' }  =  0,      arg  ar  =  r«. 

Here  "SR"  denotes  "the  real  part  of".  Let  us  write  t^+i  =  n  +  2t, 
and  let  j„  and  k^  denote  the  value  of  j  and  k  corresponding  to  m,  so 
ordered  that  the  real  part  (36)  changes  from  positive  to  negative 
as  argar  increases  through  argx  =  r„.  There  exist  then  N  matrix 
solutions  Zi(x), . . . ,  Zjf{x)  such  that  f or  i  =  1, . . . ,  iV 


(37) 


Z«  (x)  ~  S  (x),      Tn^  arg  x  <  r^^i^^ 


and  such  that  along  argar  =  r,„+i,  Z„+i(ar)  and  Z„(ar)  differ  only  in 
their  j^th  column,  the  j„th  column  of  Z^t+i  (x)  being  obtained  from 
that  of  Zn  {x)  by  the  addition  of  the  A'„th  column  of  Z»,(j*),  affected 
with  a  suitable  constant  multiplier  c„„  to  the  j^th  column.  As  a 
matter  of  definition  we  take 


(38) 


Zs.i  (x)  =  Zr  (x)  r,      r  =  (c^'*^-! 5.^). 


The  proof  of  the  existence  of  Zi(jr), . .  . ,  Zy(x)  having  these  proper- 
ties can  be  directly  based  on  the  existence  of  a  solution  Z  (x)  asymp- 
totically represented  by  S  (x)  along  every  particular  ray.^^ 

The  properties  so  far  stated  are  characteristic  of  the  behavior  of 
the  matrix  solution  not  alone  of  a  canonical  system  but  of  any  system 
with  singular  point  of  rank  p  at  a-  =  00  in  the  neighborhood 
of  the  singular  point,  ^®  and  are  invariant  under  a  transformation 
Y{x)  =  A  (x)  Y{x)  where  A  (x)  is  a  matrix  of  elements  analytic  at  the 
singular  jjoint  in  question  and  of  determinant  not  zero  there. 

When  Zi  (a*), . . . ,  Z^r+i  (j*)  are  in  addition  the  solution  of  a  canonical 
system,  the  matrices  Z  ^M  are  analytic  in  the  finite  plane  f or  x  7^  0 


16  The  relation  "z  (x)<n>«  (j),  arg  z  =  <r,"  means  in  the  present  paper  that 
z  (j)  is  asymptotically  represented  by  s  (x)  in  some  sector  (however  small)  thai 
includes  arg  x  =  <t  as  an  interior  ray.  This  slight  modification  of  the  conven- 
tional meaning  of  the  symbol  "  <n5  *'  and  its  natural  extension  to  matrices  is 
convenient  for  the  present  paper. 

17  I,  §  6. 

18  I,  §  6. 
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Thus  P(z)  is  represented  asymptotically  in  the  compUie  \'icinity  of 
;r  =  00  by  (39).     But  we  have  formally 

If  (35)  and  (40)  be  used  in  evaluating  the  expression  (39),  it  is  seen 
that  each  element  of  P(x)  is  given  asvTnptotically  by  a  power  series 
in  descending  integral  powers  of  x,  with  leading  tenn  in  x'*^^  or  lower 
power  of  X.  It  follows  that  the  elements  of  P(x)  are  anal>i:ic  or  have  a 
pole  of  at  most  the  (p+l)th  order  at  or  =  oo .  Hence  the  elements  of 
Pix)  are  polynomiala  of  degree  at  most  p+  I, 

The  central  problem  of  the  irr^fular  singular  point  is,  for  a  given 
choice  of  piix), . . . ,  Pnix),  ri, . . . ,  r„  and  of  Ci, . . . ,  c^f  above  described, 
to  construct  a  matrix  Y{x)  with  the  abov*e  specified  properties.'^ 


§  14.     Solution  of  the  Problem  of  §  13. 

In  order  to  solve  the  problem  just  stated  we  make  an  application  of 
the  preliminary  theorem  of  Part  I,  taking  r  =  X/2  and  for  the  curves 
Ci,..,C^jif  noi  the  X/2  straight  lines  formed  by  the  X  rays  arg  x=^  t^ 
{m=  1,  . . . ,  AO  but  by  the  X  rays  arg  j-  =  t',„  (m  =  1,  . . . ,  N),  which 
are  obtained  from  them  by  a  slight  rotation  €  in  a  clockwise  direction 
in  the  complex  x-plane.  It  is  evident  that  if  €  be  taken  small 
enough  we  shall  have 

Zm  (x)   ~   S(x),  Tm  ^  argX  ^  Tm+U 

f or  m  =  1, . . .,  iV.    Furthermore  we  shall  have  for  any  m 

91  (a;^  -  akj  x^^'  >  0,       arg  x  =  r'^, 

for  m  =  1, . . . ,  iV.     This  fact  is  essential  to  the  solution. 

The  matrices  Ai(x),. . .,  A^j^(x)  which  are  to  be  used  in  the  applica- 
tion of  the  theorem  are  defined  as  follows.    Write 

T(x)  =  {x^J^'^xTjdi^, 

and  then  put 

(41)  J„(x)  =  T{x)lI+Cn.]T-'{x)      (m  =  1,.  .  .,  AO, 


21  Cf.  I.  §  7. 
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Now  write  for  m  =  1, . . . ,  iV^  +  1 

Z«  (x)  =  *  (x)  r  (x)      (r'«  ^  arg  X  ^  rWi). 
From  (41)  and  (42)  there  results  along  arg  x  =  t'„+i 
Zn^i{x)^Z^(x)[I+C^l      \x\^r. 

The  functions  Z>,  (x)  may  accordingly  be  continued  analytically  across 
each  ray  arg  x  =  T^  and  represent  matrices  analytic  for  |  x  |  ^  r,  of 
determinant  not  zero.     The  relation  (43)  leads  to  the  conclusion  that 

Z«(x)~S(x)      (r'^^argx^rWi). 

where  S(x)  is  of  the  desired  form  (35),  and  thence  to  the  conclusion 
that  this  asymptotic  representation  is  valid  for  t,„  ^  arg  x  <  7,^.1. 
The  relation  between  Zj^+i  (x)  and  Zi  (x)  is  that  stated  in  (38). 

In  §  13  it  was  shown  that,  if  matrices  Zi(x),^ . . ,  Zy(x)  had  the  above 
properties  and  the  further  properties  that  they  were  analytic  in  the 
finite  plane  of  determinant  not  zero  for  x  ^  0,  and  at  x  =  0  were 
properly  equivalent  to  a  Cauchy  matrix,  then  these  matrices  were 
solutions  of  a  canonical  system  (34)  with  irregular  singular  point 
at  X  =  00 .  The  same  arguments  can  be  used  to  establish  that  the 
Zi  (x),.. .  .,Zjf  (x)  before  us  are  solutions  of  a  differential  system  (24) 
having  coefficients  rational  in  character  at  x  =  00 ,  with  poles  of  order 
not  more  than  p.  But  we  have  proved  in  §  12  that  the  matrix  solu- 
tion of  such  an  equation  is  properly  equivalent  to  that  of  a  canonical 
linear  differential  system  at  x  =  00 .  Consequently  a  transformation 
Z  (x)  =  A  (x)Z(x),  where  A(x)  is  a  matrix  of  functions  analytic  in 
character  at  x  =  00  of  determinant  not  zero  there,  makes  Z(x)  the 
solution  of  such  a  canonical  system.     In  particular  the  matrices 

Zi(x)  =  ^(x)Zi(x),      ,      Zjv(x)  =  A(x)Zm{x) 

form  the  solution  of  our  problem,  a  fact  which  is  apparent  if  we 
note  that  S{x)  =  ^(x)  S{x)  has  the  same  form  as  S(x). 

It  has  therefore  been  completely  established  under  the  stated 
restrictions  that  the  characteristic  constants  which  occur  in  the 
characterization  of  the  matrix  solutions  of  a  canonical  linear  differen- 
tial system  can  be  chosen  at  pleasure. 

The  restriction  that  no  three  of  the  quantities  ai, . . . ,  a„  shall  lie 
on  a  straight  line  is  not  essential,  for  if  it  is  not  satisfied  and  if  no  two 
of  the  polynomials  2>i  (x),  . . . ,  Pn  M  <*^^  identical  it  will  be  possible  to 
replace  the  rays  ti,  . . . ,  rj^  which  have  coalesced  by  an  equal  number 
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This  second  condition  is  satisfied  if  the  elementary  divisors  associated 
with  Ti  and  T,  are  the  same. 

With  the  understanding  that  the  two  conditions  of  compatibility  are 
satisfied,  we  can  assert  that  there  exist  m  +  1  canonical  systems  with 
the  prescribed  characteristic  constants  at  a-i, . . . ,  x^^i  and  with  solu- 
tions V\  (x), . . . ,  F,„+i  {x)  undergoing  a  transformation  to  Vi  (x)  Ti,  .  , 
^m+i^m+i  as  X  makes  a  positive  circuit  of  Xi,...Xa,+i  respectively. 
Hence  there  will  exist  a  matrix  Y  (x)  of  elements  analytic  and  of  de- 
terminant not  zero  save  at  Xi, . . . ,  x„+i,  property  equivalent  to  F,  (x)  at 
X  =  Oj  (i  =  1, . . .  ,m),  and  property  or  improperty  equivalent  to  V^^\  (jt) 
at  x„+i  =  00 .  This  follows  upon  application  of  the  results  of  §  10. 
The  matrix  Y  (x)  thus  obtained  is  a  matrix  solution  of  a  differential 
system  of  the  form  required  and  has  the  monodromic  group  and 
characteristic  constants  required,  if  the  equivalence  at  x,„+i  =  oo  be 
proper.     This  is  an  immediate  consequence  of  the  results  of  §§  13,  14. 

If  this  is  not  the  case  it  is  easy  to  show  that  if  one  merely  increases 
the  characteristic  constants  fi, . . .  ,r,  for  the  singular  point  x^^.i  =  oo 
by  suitable  integers  this  equivalence  at  infinity  becomes  proper.  For 
consider  the  matrix  S(x)  corresponding  to  the  matrix  solution  of  the 
equivalent  canonical  system  at  x  =  oo .  The  corresponding  matrix 
S(x)  for  y(x)  is  of  the  form  A{x)  S(x)  where  the  elements  of  A(x)  are 
rational  in  character  at  x  =  oo .  Hence  if  a  proper  choice  of  C  be 
made,  the  matrix  S  (x)  C  may  be  ^^Titten  (compare  (33),  §  11). 

e^i^'^x^^  (^an  +  ^+.. .), .  . .,  e^n(^^x'n  ^ai„  +  ^"  +  .  .  .) 


ePi('>X^  ^a„,  +  ^  +  .  .  .y  .   .,  ,P«(-)x^  ^onn  +  ^"  -f  .  .   .) 


I 


where  ri,  ...,/•»  differ  from  ri,  . . . ,  r^  by  integers.  By  a  process  of  re- 
duction exactly  like  that  given  in  §  11  this  matrix  may  be  replaced  by 
a  series  of  matrices  of  the  same  form  in  which  the  exponents  f i,  .  . . ,  r^ 
are  increased  so  long  as  |  a^  |  7^  0.  We  conceive  of  1'  (x)  as  affected 
by  the  same  series  of  operations,  which  have  no  effect  on  the  proper- 
ties above  specified.  Furthermore  the  transformed  r(x)  and  S(x) 
stand  always  in  the  same  relation  to  each  other  after  as  before  trans- 
formation. If  the  process  comes  to  an  end  so  that  \a^j\  lA  0,  the 
linear  differential  system  with  matrix  solution  IXx)  ^ill  have  a  singu- 
lar point  of  rank  q^^\  at  x  =  00  (compare  §  13,  pp.  547-548)  and  the 
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there  exist  two  matrix  solutions  Y^(x)  and  Y-^{x),  with  elements 
analytic  in  the  finite  plane  save  for  poles,  such  that  Y"  (x)  co  S  (x)  in 
any  left  half  plane  and  7+  (x)  cv>  5  (x)  in  any  right  half  plane,^®  The 
existence  of  such  a  solution  was  proved  by  Norlund  and  Galbrun  by 
methods  based  on  the  Laplace  transfonnation  somewhat  earlier.^® 
These  matrices  Y-  (x)  and  Y+  (x)  are  connected  by  a  relation 


(46) 


y-W=  YHx)P(x) 


where  P  (x)  is  evidently  a  matrix  of  periodic  functions  of  period  1. 

From  the  fonn  of  (44)  it  appears  that  1'"  (x)  is  a  matrix  of  entire 
functions,  while  F"*"  (x)  is  analytic  save  for  jjoles. 

In  my  paper  I  determined  explicitly  the  nature  of  the  elements 
Pij  {x)  of  P  (x)  to  be  the  following: 

(47) 
'  pii  (a:)  =  1  +  c«(i)e2'  '>^'^'+.,,  +  cae^^^^^^  V-i  x  +  ^  ^n  ^I-^^M  V-i  x 

(i  =  1,  .  .  .,  n) 

Pij(x)  =  e^'^i  ^^'[cyW  +  .  .  .  +  Ci/-(M-i)  Viix] 

{i  ^  j;  i,  i  =  1,  . .  .,  n). 

Here   \j  stands  for  the  least  integer  as  great  as 


(48) 


*(2;^=i"°^'"~'"'^'"0- 


An  analogous  determination  in  certain  cases  at  about  the  same  time 
was  made  by  Norlund  (loc.  cit.). 

It  is  not  difficult  to  show  that,  if  F"  (x)  and  Y-^(x)  have  the  properties 
above  outlined,  then  conversely  they  are  solutions  of  a  linear  difference 
system  (44)  in  which  the  elements  of  Q  (x)  are  rational  if  not  polyno- 
mial.^^ For  this  reason  the  constants  p^,  r,-,  c,/*^  may  be  called  the 
characteristic  constants  of  F"  (x)  and  F+  (x). 

This  characterization  suggested  to  me  the  following  problem:  To 
construct  a  linear  difference  system  (44)  with  assigned  characteristic 
constants  in  which  the  elements  of  Q(x)  are  polynomials  in  x  of 
degree  not  greater  than  /x. 

25  These  matrices  F-(x)  and  F+(x)  correspond  to  G{x)  and  H(x)  of  II.  In 
certain  cases  it  may  be  necessary  to  consider  half  planes  not  bounded  by  a 
vertical  line.     I  refer  to  this  possil)ility  later. 

26  Norlund,  Dissertation,  Copenhagen  (1911);  Galbrun,  Dissertation,  Paris 
(1910). 

27  See  II,  §  7. 
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naries  is  obtained  from  that  on  the  right-hand  side  by  a  complete 
positive  circuit  of  a:  =  0,  during  which  T{x)  changes  from 

The  it\i  diagonal  element  of  Ai{x)  may  now  be  written 

while  the  element  in  the  tth  row  and  jth  column  of  A{x)  {i  7^  j)  may 
be  written 

Bearing  (49)  in  mind  we  readily  perceive  that  Ai{x)  does  have  the 
indicated  properties  along  the  lower  half  of  the  axis  of  imaginaries. 

According  to  the  preliminary  theorem  we  can  then  determine  a 
matrix  ^{x)  such  that 

(50)  J?,-*W  =  [J«.4.(x)]^i(:r), 

where  Xi  is  a  point  of  the  axis  of  imaginaries  and  the  approach  is  from 
the  left-hand  and  right-hand  side  of  that  axis  respectively.  If  we  take 
ar  =  a  =  0,  the  determinant  of  ^(x)  is  not  zero  in  the  finite  plane  except 
at  ar  =  0  possibly,  and  the  elements  of  this  matrix  are  analytic  at  any 
point  not  on  the  axis.  Along  the  axis  as  defined  from  either  side  these 
elements  have  continuous  derivatives  of  all  order,  and  will  be  analytic 
at  more  than  certain  distance  d  from  the  origin.  In  the  vicinity  of 
X  =  00 ,  ^{x)  is  represented  asymptotically  by  a  matrix  of  series  in  \/x 
with  determinant  of  leading  coefficients  not  zero.  This  matrix  is  the 
same  on  either  side  of  the  axis,  since  A  {x)  o^  L 

Let  us  denote  <l>(x)  by  U'^{x)  for  x  in  the  right  half  plane  and  by 
U~  {x)  for  X  in  the  left  half  plane,  and  write 

Y^{x)  =  [7^-(x)  T{x),        Y'{x)  =  U-{x)  T{x), 

From  equation  (50)  we  see  then  that 

(51)  Y-{x)=Y-{x)P{x) 

for  I  X  I  >  r  along  the  axis  of  imaginaries.  From  the  asymptotic 
form  of  U'^(x)  and  U~{x)  at  x  =  00  we  obtain 

Y-{x)  ~  S{x),        YH^)  -  ^(^), 
in  the  left  and  right  half  plane,  where  S{x)  is  of  the  same  form  as  S{x) 
above.     The  relation  (51)  shows  that  Y~{x)  is  composed  of  elements 
analytic  in  the  right  half  plane. 
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One  further  remark  comes  in  appropriately  at  this  point.  The 
definition  of  Y  (x)  and  Y-{x)  ensured  that  |  F"  (x)  \  and  |  1'-^  (x)  |  do 
not  vanish  to  the  left  or  right  of  the  axis  of  imaginaries  respectively, 
save  possibly  f or  a:  =  oo .  Hence  |  Y-(x)  \  and  |  Y-^(x)  \  do  not  vanish 
in  these  left  or  right  half  planes  respectively. 

We  may  now  enter  upon  a  series  of  modifications  of  Y(x)  which  will 
preserve  the  above  stated  properties  and  secure  in  addition  that  the 
determinant  of  the  leading  coefficients  of  S{x)  is  not  zero.  To  this 
end  we  write  the  matrix  S{x)  in  the  form 

x'^  {pKT'^Yx'^  {an  +  -^'  +  ...),.  . .,  x'^  {pne-'^Y  x^n  {am  +  ^f  +  . . .) 

X'^  (Pl^'')'af^(ani+  ^+  . ..),..  .,  X^ipnr-'^Yx^n  {onn  +^  +  "  •)! 

and  carry  out  reductions  parallel  to  those  given  in  §  11.  The  same 
reductions  are  supposed  to  be  simultaneously  effected  upon  Y-{x)  and 
y+(a;)  (compare  §  15).  This  set  of  reductions  will  terminate,  since 
\  S(x)  I  does  not  vanish  identically,  and,  when  it  does,  Y'{x)  and  1 ''"(x) 
will  have  the  desired  additional  property. 
Consider  now  the  matrLx 

Q  (x)  =Y-ix+  1)  [Y-  Wl-i  =YHx+  1)  [Y-  (x)]-'. 

These  two  forms  for  Q{x)  are  equal  in  virtue  of  (53)  and  yield  us  at 
once  the  asymptotic  form  of  the  elements  of  Q{x)  in  the  complete 
vicinity  of  a:  =  oo  as  descending  power  series  in  x  with  leading  term  of 
the  Mth  degree  at  most.^®  Hence  the  elements  of  Q  (x)  are  rational 
in  character  at  x  =  oo ,  with  a  pole  of  at  most  order  fi  there. 

In  the  finite  plane  to  the  left  or  along  the  axis  of  imaginaries  the 
first  expression  for  Q{x)  shows  that  the  elements  of  Q(x)  are  analytic 
without  exception.  It  will  be  recalled  that  Y-(x)  is  a  matrix  of  entire 
function  of  determinant  not  zero  in  the  left  half  plane  inclusive  of  the 
axis  of  imaginaries.  On  the  other  hand  the  elements  of  Q{x)  are  ana- 
lytic to  the  right  of  the  axis  of  imaginaries,  as  the  second  form  shows. 

Accordingly  Q  (x)  is  a  matrix  of  pol^-nomials  of  degree  at  most  /x 
and  F~(x),  Y-^{x)  are  solutions  of  the  rational  difference  system  (44). 

Finally  it  may  be  observed  that  in  case  |  P(x)  \  =  0  along  the  axis 
of  imaginaries,  a  parallel  line  may  be  used  to  take  the  same  r61e;  or 

28  a.  I,  §  7. 
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indeed  any  simple  analytic  curve  without  a  horizontal  tangent  and 
with  vertical  asymptote,  provided  that  |  P(x)  \  tA  0  along  the  curve. 

If  the  equality  sign  obtains  in  (49)  it  will  be  necessary  to  employ 
a  curve  with  asymptote  not  quite  in  the  vertical  and  to  employ  half 
planes  not  bounded  by  a  vertical  line. 

It  is  also  possible  to  replace  S(ir)  by  certain  anormal  forms, ^^  and 
thus  extend  the  above  results  to  the  most  general  case. 

Our  conclusion  may  be  summed  up  as  follows:  There  exists  a  linear 
difference  system  (44)  with  matrix  solutions  Y~{x),  Y-^{x)  xchich  either 
possesses  prescribed  characteristic  constants  pjjj,  c,/*\  or  else  constants 
pj,  fy  +  Ij,  Ci/*^  where  lu  •  ■  fin  o>^^  integers.  For  an  arbitrary  curve 
which  meets  each  line  parallel  to  the  real  axis  anly  once,  having  a  ver- 
tical asymptote,  and  which  does  not  pass  through  a  point  \  P{x)  \  =  0, 
there  exist  such  matrices  Y~{x),  Y'^{x)  with  the  further  property  that 
I  Y~{x)  {t^  0  to  the  left  of  the  curve  while  the  elements  of  F"*"(ar)  are  ana- 
lytic and  I  F"^  (a:)  I  9^  0  to  the  right  of  the  curve. 

It  is  worthy  of  note  that  this  last  property  determines  the  location 
of  the  poles  of  the  elements  of  r+(x)  completely:  namely,  they  occur 
to  the  left  of  the  curve  and  at  the  points  for  which  |  P(.r)  |  =  0.  This 
appears  from  the  formula 

YHx)=  Y-{x)P''(x), 

which  also  permits  us  to  aflSrm  that  the  precise  maximum  order  of  pole 
of  any  element  of  Y-^{x)  is  the  order  of  the  zero  of  |  P(x)  |. 

Part  IV:    The  Linear  ^-Difference  Equation  Problem. 

§  18.     Oti  Linear  q-Diffcrence  Equations. 
A  linear  g-difference  system  may  be  written 

(54)  Y{qx)  =  Qix)Y{x)         \q\>l, 

where  Q(x)  is  a  matrix  of  polynomials  of  degree  m  or  less,  in  analogy 
with  the  normal  form  (46)  of  linear  difference  systems.  The  apparently 
more  general  case  in  which  the  elements  of  Q(x)  are  rational  in  x  may 
be  reduced  to  this  form  readily.  Let  the  least  common  denominator 
of  the  elements  of  Q{x),  written  as  quotients  of  relatively  prime  poly- 
nomials, be 

(x  —  ai) . . .  (a:  —  ad 

29  Analogous  to  the  anormal  series  for  linear  differential  equations.  These 
forms  have  recently  been  obtained  by  Mr.  P.  M.  Batchelder. 
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and  let  gi  (x)  be  a  solution  of  the  ^-diflPerence  equation  of  the  t j'pe  (54) 
(55)  g  (qx)  =  (x  -  m)  g  (x) 

for  m  =  Of    If  one  takes  for  new  variable 

Y(x)  =  g,ix)...gdx)Yix), 

a  new  matrix  equation  (54)  in  Y{x)  is  obtained  with  Q{x)  pol^Tiomial 
in  X. 

Let  us  write 

\ogx 


t  = 


logq' 


In  terms  of  this  new  variable  a  solution  of  (55)  for  m  =  0  is 


rjHt^t) 


For  m  7^  0,  the  transformation 


log  X       log  I 

y  (x)  =  e'  ^~^  log  Q  7nJo«  «  y  (x) 


x  =  mx, 
takes  (55)  to  the  normal  form 
(56)  y(qx)  =  il-x)yix). 

Two  solutions  of  this  equation  are 


(57) 


J/o 


«  =  ('-i)('-^)-' 


X 


1 


1  — 


qx 


as  one  may  verify  by  direct  substitution.  The  function  yoo  W  pl^ys 
the  same  role  for  the  linear  g-difference  equations  as  the  ganuna  func- 
tion does  in  the  theory  of  linear  difference  equations.  I  have  men- 
tioned these  functions  in  order  to  supply  an  example  later. 

The  fundamental  existence  theorems  for  linear  ^-difference  equa- 
tions are  essentially  a  consequence  of  the  work  of  Gr^vy^^  and  Leau.^^ 
The  first  complete  treatment  has  been  given  by  Carmichael,^^  and  the 


30  Paris  thesis,  1894. 

32  Am.  Jour.  Math.,  34,  147-168  (1912). 


31  Paris  thesis,  1897. 
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result  may  be  expressed  as  follows:  There  exist  in  general  two  matrix 
solutions 

where  each  function  a^j  (x)  is  analytic  at  a:  =  0,  and  each  function  6^  (x) 
is  analytic  at  x  =  oo  ;  and  where  furthermore  the  determinants  of  the 
leading  coefficients  of  Qij  (x)  and  6^-  (x)  at  a*  =  0  and  a:  =  oo  respec- 
tively are  not  zero.  It  is  only  the  case  when  such  series  exist  that 
will  be  here  considered. 

It  follows  at  once  from  (54)  that  Yq  (x)  is  a  matrix  of  functions  ana- 
lytic for  a:  7«^  0,  00 ,  and  that  Y~  (x)  is  a  matrix  of  functions  analytic  in 
the  finite  plane  except  for  poles  when  x  9^  0.     Further,  if  we  write 

Yoix)=  Y^ix)P{x), 

then  P(x)  is  a  matrix  of  functions  analytic  for  a:  5*^  0,  oo ,  and  possessing 
the  property  that  P  (qx)  =  P{x)}^  These  properties  are  in  close 
analogy  with  the  properties  for  a  linear  difference  system,  to  which 
indeed  (54)  reduces  formally  by  the  substitution  x  =  ^. 

I  propose  now  to  determine  completely  the  nature  of  P(a-),  as  I 
have  done  for  the  analogous  functions  P(x)  associated  with  the  linear 
difference^system;  it  is  the  doubly  periodic  functions  which  enter  here 
instead  of  the  simply  periodic  functions.  By  means  of  this  determina- 
tion it  will  be  possible  for  us  to  state  the  problem  which,  for  this  field, 
is  analogous  to  the  problems  above  treated  for  linear  differential  and 
linear  difference  equations. 

§  19.     On  the  Matrix  P(x). 
Let  us  make  the  transformation  x  =  q^  and  write 

PM  =  P(0. 

The  function  P{t)  is  a  single-valued  function  of  t  analytic  save  for 
poles;  for,  this  transformation  takes  the  Riemann  surface  of  infinitely 
many  leaves,  with  logarithmic  branch  points  at  x  =  0  and  jr  =  oo  in 
a  one-to-one  and  conformal  manner  into  the  f-plane. 

Let  us  conceive  of  the  /-plane  as  divided  into  parallelograms  which 


33  Cf .  Carmichael,  loc.  cit.,  p.  159. 
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provided  that 

(67)  I„,(v)  =  ,,  +  p,_-__. 

This  is  of  course  under  the  assumption  that  Pij(t)  may  be  represented 
in  the  form  (62).  But  this  fact  may  be  proved  at  once.  For  let  }f/(t) 
be  any  function  which  satisfies  (60)  and  (61),  and  <t>{t)  the  particular 
one  above  obtained.  The  function  \l/{t)/<t>{t)  is  doubly  periodic, 
analytic  save  for  poles,  and  can  therefore  be  expressed  as  a  quotient 
of  products  of  sigma  functions 

(T  (<  —  ft)  .  .  .  (T  (<  —  Pk) 

But  this  quotient  when  multiplied  by  <f>  (0,  which  is  expressed  as  a 
product  of  sigma  functions,  must  yield  ^  (<),  an  entire  function.  This 
necessitates  that  for  each  zero  of  cr  (f  —  7y)  in  the  numerator 
(i  =  !,...,/*)  there  must  be  a  congruent  zero  x  =  fij  of  <t{x  —  /3,)  in 
the  denominator.  Such  pairs  of  corresponding  factors  may  be  com- 
bined leaving  only  an  exponential  factor  e*^'+*'.  Thus  ^  (t)  appears  in 
the  same  form  as  <^  (0- 

Our  result  ia  therefore  that  the  element  Pij  (x)  of  P{x)  is  of  the  form 
(66)  {t  =  \ogx/\ogq)j  where  pi,  . .  .,Pft,  (Ti,  . . .,  Cn  are  the  constants 
that  appear  in  the  series  representations  (58),  and  where  the  condi- 
tions (67)  are  fulfilled. 

It  is  interesting  to  apply  these  results  to  the  equation  (56)  in  which 
w  =  1,  /I  =  1,  pi  =  0,  (Ti  =  TT  V— 1/log^,  and  Yq  (x)  and  Y^  (x)  reduce 
respectively  to  i/o  (^)  and  y^  (x)  defined  in  (57).  In  this  case  we  have 
therefore 

(68)  2/0  (x)  =  t/x  (x)  P  (^) 
where 

,„.„T-(gi)'-''=ig--,(i»|i). 

The  constant  c  may  be  determined  by  wTiting  (68)  in  the  form 

yoW  =  [(^-i)yocW][f-iri] 

and  allowing  x  to  approach  1.     Since  a(0)  =  0,(r'(0)  =  1,  this  gives 

(see  (57)) 

..(.-J)-(x-i)-.... 
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The  relation  (68)  \^ith  the  explicit  values  of  yoix),  y^{x)  and  p{x) 
substituted  in  is  essentially  one  of  the  fundamental  product  formulas 
for  the  sigma  function. 

§  20.     The  q-Difference  Equation  Problem. 

It  is  now  easy  to  show  that  conversely  if  I'o  (x)f  Y^^  (x)  are  matrices 
of  functions  of  the  form  (58)  in  the  vicinity  of  a:  =  0  and  ar  =  oo 
respectively,  analytic  for  a*  ?^  0,  oo ,  save  for  poles,  and  if  the  matrix 
P(a-),  defined  by  the  relation  Yo{x)  =  Y^(x)P(x)y  is  composed  of 
elements  Pij{x)  which  are  left  unchanged  when  x  is  replaced  by  qx, 
then  Yq  (x)  and  Y^  (x)  are  matrix  solutions  of  a  linear  g-difference 
system  (54)  with  rational  coefficients.     In  fact,  if  we  write 

Q  (x)  =  Fo  (qx)  Yo-'  (x)  =  y«  (qx)  Y^'^  (x), 

it  is  seen  at  once  that  for  x^O,  oo,  the  only  singularities  of  Q(x) 
are  poles,  while  the  first  and  second  of  these  forms  for  Q{x)  ensure  that 
Qix)  is  composed  of  elements  analytic  at  ar  =  0  and  with  a  pole  of  at 
most  order  /t  at  x  =  oo  if  not  analytic  there.  This  suffices  to  establish 
the  fact  that  the  elements  of  Q{x)  are  rational.'*  In  order  to  conclude 
further  that  the  elements  of  Q{x)  are  polynomials  of  degree  /jl  it  is 
sufficient  to  know  that  the  plane  may  be  divided  into  two  parts  by  a 
loop  about  X  =  0  meeting  each  equiangular  spiral  or  radial  line 

(70)  e  =  c+  ,-^^  flogr       (r,  0,  polar  coordinates) 

log  I Q 

only  once  and  not  passing  through  a  point  |  P(x)\  =  0,  such  that  the 
elements  of  Yq(x)  are  analytic  and  |ro('f)|  is  not  zero  within  or  along 
the  loop,  while  the  elements  of  Y^^  (x)  are  analytic  and  |  Y^  (x)  \  is 
not  zero  outside  the  loop.  Under  these  conditions  the  first  expression 
for  Q  (x)  makes  it  e\'ident  that  its  elements  are  analytic  within  or 
along  the  loop,  and  the  second  expression  makes  it  clear  that  the  same 
is  true  without  the  loop,  since  if  a:  is  a  point  without  the  loop  so  is  qx. 
It  is  natural  to  term  the  2n  constants  p^,  aj  and  the  n^  On  +  1)  con- 
stants Cip  a/*'^\  . . . ,  a^^*'^^  the  characteri^ic  coixMants.  These  constants 
are  not  all  independent,  since  there  are  n^  relations  between  the  con- 
stants ajt^*'^^  of  the  type  (67).  Furthermore  the  constants  Cij  are  not 
tmiquely  determined  by  the  given  g-difference  system.  For,  any  ith 
column  of  Yq  {x)  is  only  determined  up  to  a  constant  factor  /» and  like- 

34  Compare  II,  §  7. 
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It  is  deserving  of  notice  that  the  properties  stated  above  determine 
the  location  of  the  poles  of  the  elements  of  Y^  (j-),  namely  at  the  zeros 
of  I  P{x)  I  within  the  loop,  the  maximum  order  of  the  pole  of  any 
element  being  precisely  the  order  of  the  corresponding  zero  of  |  P{x)  |. 
This  is  an  immediate  consequence  of  the  relation. 


YJx)=  ToWP-^W. 


Harvard  University, 
Cambridge,  Mass. 
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I  wish  to  express  my  sincere  thanks  to  that  institution  for  the  excep- 
tional opportunities  afforded  by  the  fellowship.  Professor  E.  L. 
Mark  of  Harvard  University  suggested  this  field  for  investigation,  and 
I  am  also  indebted  to  him  for  kindly  advice  and  criticism.  The  work 
was  carried  on  in  1904-1905  at  the  Bermuda  Biological  Station  and  in 
the  Harvard  Zoological  Laboratories  while  I  was  registered  as  a 
Graduate  Student  in  Radcliffe  College.  In  the  spring  of  1905  the 
problem  was  continued  at  the  Naples  Zoological  Station,  through  the 
kindness  of  the  "  Association  for  Maintaining  the  American  Women's 
Table  at  the  Zoological  Station  at  Naples  and  for  Promoting  Scientific 
Research  by  Women."  I  am  under  obligation  to  those  in  charge  of 
the  Naples  Station  for  many  courtesies  extended  throughout  my  stay. 
During  the  year  1905-1906  laboratory  privileges  were  kindly  afforded 
me  for  further  work  in  the  Zoological  Laboratories  of  the  University 
of  Chicago. 

Two  species  have  been  used  as  a  basis  for  study,  the  Caribbean 
Amphioxus,  Branchiostoma  caribaeum,  found  in  Bermuda  waters,  and 
the  form  so  abundant  at  Naples,  Branchiostoma  lanceolatum. 


Literature. 

Retzius  ('91)  and  Dogiel  (:  02)  have  reviewed  the  literature  on  the 
peripheral  nervous  system  of  Amphioxus  in  considerable  detail,  pre- 
senting particularly  points  where  lack  of  agrreement  exists.  Other 
authors,  as  Rohde  ('88)  and  Heymans  et  van  der  Stricht  ('98),  give 
historical  accounts  in  connection  with  their  personal  observations. 
It  is  therefore  unnecessary  to  give  here  a  connected  discussion  of  the 
literature;  the  work  of  the  several  authors  will  be  taken  up  in  connec- 
tion with  each  question  in  its  bearing  upon  the  descriptive  part  of  this 
paper.  An  extensive  bibliography  of  Leptocardii  is  given  by  Lonn- 
berg  (:01— ,pp.  206-214). 


Material  and  Methods. 

At  the  Bermuda  Biological  Station  the  tissues  of  a  large  number  of 
Branchiostoma  caribaeum  were  impregnated  with  methylene  blue  by 
the  inira-mtam  method.  Gold  chloride  and  the  methods  of  Golgi  were 
also  extensively  used.  Many  variations  were  employed  in  the  use  of 
aH  these  methods,  with  the  view  of  bringing  out  detaib  of  structure. 
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ous  system.  The  rapid  method  is  usually  most  certain  and  reliable. 
Picro-carmine  employed  after  treatment  with  very  dilute  osmic  acid 
is  suitable  for  only  the  thinnest  tissues.  Structures  much  beneath 
the  external  surface  receive  absolutely  no  fixation,  and  are  therefore 
quite  imreliable  for  study. 

A  Nemst  electric  lamp,  or  carefully  adjusted  direct  sunlight,  was 
found  to  bring  into  view  nerves  which  it  was  quite  impossible  to 
observe  with  the  ordinary  adjustments  of  Ught.  This  is  particularly 
true  of  methylene-blue  preparations  of  the  whole  animal,  which  show 
plexuses  between  dorsal  nerves,  and  of  thick  Golgi  preparations. 
With  such  strong  Ught  the  nerves  in  thick  parts  of  the  body  may  be 
seen  in  situ  with  surprising  clearness.  This  method  has  the  disad- 
vantage of  soon  tiring  the  eyes.  Various  methods  of  dissection  were 
employed  on  impregnated  and  stained  material  for  the  study  of  the 
visceral  nerves. 


Dorsal  Nerves. 
A,     Nerves  of  the  Rostrum. 

Nerve  I, —  The  usually  accepted  first-nerve  pair  was  first  noted  by 
Goodsir  ('41),  and  has  been  repeatedly  described.  Owsjannikow 
('68)  interpreted  it  as  the  trigeminus,  Schneider  ('79)  says  that  from 
its  position  the  first  nerve  should  be  the  opticus,  Rohon  ('82,  p.  60) 
regards  the  first  two  pairs  of  nerves  as  analogous  to  the  sensory  ele- 
ments of  the  trigeminus,  the  third  pair  to  the  corresponding  (gleich- 
namigen)  facialis  of  higher  vertebrates.  Later  authors  hesitate  to  com- 
pare the  first  nerve  with  any  nerve  of  the  higher  vertebrates  until 
some  facts  with  regard  to  its  function  are  established.  Dogiel  ( :  02) 
designates  the  first  nerve  as  purely  sensory,  since  its  branches  ramify 
exclusively  in  the  skin.  The  latter  author  has  described  in  detail  the 
manner  of  branching  of  this  nerve  in  Branchiostoma  lanceolatum,  and 
defines  the  territory  which  it  innervates  as  the  end  of  the  rostrum, 
with  an  occasional  extension  into  the  adjoining  dorsal  and  ventral 
skin  regions.  Dogiel  finds  some  variation  in  the  size  and  manner  of 
branching  of  the  first  nerve. 

Edinger  ( :  06)  describes  a  pair  of  nerves  arising,  like  an  olfactory 
nerve,  from  the  base  of  the  brain  anterior  to  the  nerve  pair  which  is 
commonly  designated  as  the  first.  My  observations  have  not  brought 
to  light  such  a  nerve,  but  I  do  not  deny  its  existence,  since  I  have  not 
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the  ventral  border  of  the  rostrum.  According  to  his  figures  this  nerve 
(III)  makes  its  exit  near  the  root  of  nerve  II.  In  a  few  cases  (illus- 
trated by  his  Fig.  9)  Dogiel  observed  directly  posterior  to  the  large 
root  of  nerve  II  two  small  nerves,  which  he  designated  as  nerves  III 
and  IV.  Neither  of  these  possesses  a  ventral  ramus  which  reaches  to 
the  ventral  border  of  the  rostrum;  in  such  cases  the  skin  of  the  rostrum 
is  in  part  supplied  by  his  nerve  V.  It  is  clear  from  his  figure  that  the 
nerve  numbered  V  is  the  one  usually  designated  as  III. 

From  the  foregoing  description  it  will  be  seen  that  Dogiel  does  not 
regard  the  anterior  sensory  nerves  as  occupying  definite  relations  to 
the  myomeres.  Changes  in  the  numbering  of  the  anterior  sensory 
nerves  must  of  course  affect  the  numbering  of  all  the  other  sensory 
nerves.  Thus  one,  two  or  three  roots  in  the  region  of  the  exit  of  nerve 
II,  if  designated  in  accordance  with  Dogiel's  view  as  separate  nerves, 
would  correspondingly  change  the  numbering  of  all  the  succeeding 
dorsal  nerves,  which  show  such  a  constant  relation  to  the  muscle  seg- 
ments. Since  the  two  sides  are  frequently  not  symmetrical  with 
regard  to  the  number  of  roots  in  the  region  of  nerve  II,  one  might  have, 
according  to  Dogiel's  system  of  enumeration,  the  correspondingly 
numbered  nerves  of  the  two  sides  belonging  to  myomeres  not  cor- 
respondingly numbered. 

I  have  examined  a  large  number  of  specimens,  frequently  with  the 
aid  of  artificial  light,  and  find  that  roots  accessory  to  the  main  root 
of  nerve  II  are  often  present,  as  is  shown  in  my  Figures  11  and  12 
(PI.  3).  .  These  two  figures  present  the  two  sides  of  the  same  individual 
and  illustrate  the  manner  of  exit  of  the  roots  of  nerves  II  and  III,  and 
their  relation  to  the  myomeres.  They  also  show  the  lack  of  symmetry 
in  the  roots  of  nerve  II  on  the  two  sides  of  the  body.  Figures  6  and  7 
(PI.  2)  show  other  conditions  in  the  roots  of  nerve  II.  These  do  not 
differ  in  their  form  and  position  from  the  nerves  described  by  Dogiel 
for  this  region.  The  main  root  of  nerve  II,  and  those  roots  that  make 
their  exit  in  close  proximity  to  it,  always  lie  anterior  to  the  first  myo- 
mere of  the  adult.  Small  roots  may  lie  considerably  posterior  to  the 
main  root  of  nerve  II  and  still  occupy  a  position  anterior  to  the  first 
myomere.  This  is  possible  owing  to  the  form  of  the  muscle  segment. 
Examination  of  a  large  number  of  individuab  leaves  in  my  mind  no 
doubt  of  this  condition.  A  distinct  myomere  intervenes  between  the 
root  (or  roots)  of  nerve  II  and  that  of  the  commonly  accepted  nerve 
III  (Figs.  11  and  12).  Moreover,  the  territories  innervated  by  these 
nerves,  while  subject  to  some  variation,  are  comparatively  well 
defined.    The  dorsal  nerves  make  their  exit  in  definite  relation  to  the 


Digitized  by 


GooglQ 


fully  developed  animal  they  become  rudimentary,  only  a  remnant 
persisting.  In  transverse  sections  of  young  Amphioxus  (not  larvae) 
treated  with  Mallory's  differential  stain,  I  have  observed  the  cut  ends 
of  muscle  fibers,  lying  in  front  of  the  anterior  border  of  the  first  adult 
myomere.  These  fibers  were  short  and  few  in  number,  but  clearly 
differentiated  by  the  stain  from  the  surrounding  connective  tissue. 

Nerve  II  was  studied  to  a  considerable  extent  in  Branchiostoma 
caribaeum,  and  its  distribution  in  the  rostrum  of  this  species  is  sho^Ti 
in  Figures  1-5.  As  this  species  has  been  little  illustrated,  it  is  thought 
best  to  reproduce  the  conditions  rather  fully,  for  such  figures  form  an 
interesting  basis  of  comparison  with  Branchiostoma  lanceolatum.  No 
very  essential  differences,  however,  occur  between  the  two  species. 
Variations  in  the  number  and  arrangement  of  the  roots  of  nerve  II 
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Certain  earlier  authors,  as  Schneider  ('79)  and  Rohon  ('82),  re- 
garded the  third  pair  of  dorsal  nerves  as  the  first  true  sensory  spinal 
nerves,  this  interpretation  being  based  partly  on  the  fact  that  the  first 
pair  of  motor  roots  is  associated  with  this  pair  of  sensory  roots.  These 
authors  enumerated  the  "spinal  nerves"  separately,  designating  the 
third  sensory  pair  as  the  first  spinal  sensory  roots.  At  present  it 
seems  safest  to  enumerate  this  pair  of  dorsal  nerves  as  the  third, 
without  attempting  to  distinguish  between  so-called  cranial  and  spinal 
nerves. 

Heymans  et  van  der  Stricht  ('98)  have  given  a  careful  account  of 
the  distribution  of  the  branches  of  this  pair  of  nerves  in  Branchio- 
stoma  lanceolatum,  and  Dogiel  ( :  02)  discusses  nerve  "  III "  in  the 
same  species  at  considerable  length.  As  has  been  noted,  however, 
Dogiel  ascribes  no  definite  territory  of  distribution  to  the  third  pair 
of  nerves,  its  number  depending  upon  the  number  of  roots  present 
near  the  place  of  exit  of  nerve  III  from  the  neural  tube.  TTiis  un- 
certainty makes  comparison  difficult  and  much  involved.  It  may  be 
stated,  however,  that  in  his  discussion  of  the  innervation  of  the  border 
of  the  mouth  Dogiel  designates  the  commonly  accepted  third  nerve  as 
III,  as  is  shown  in  his  Figur  1. 

I  have  studied  this  nerve  in  both  species,  chiefly  upon  specimens 
impregnated  with  methylene  blue,  although  gold  chloride  and  picro- 
carmine  bring  out  excellently  many  detaib  in  the  nerves  of  the  oral 
hood.  The  finer  branches  of  the  nerves  of  the  buccal  region  are  us- 
ually impregnated  in  from  15  to  30  minutes"  in  the  methylene-blue 
mixture  previously  described,  while  the  main  trunks  of  these  nerves 
require  a  longer  immersion.  A  rather  long  subsequent  exposure  to 
air  (20  to  30  minutes)  gave  peculiarly  brilliant  results  for  the  finer 
branches.  Fixation  with  ammonium  molybdate  and  osmic  acid, 
after  Dogiers  (:  02)  method,  is  well  adapted  to  this  region.  The  thin 
tissues  fix  rapidly,  and  may  be  dehydrated  quickly  without  loss  of 
impregnation.  It  is  advisable  before  fixation  to  detach  the  anterior 
portion  of  the  animal,  cutting  a  Uttle  behind  the  velum.  By  dissecting 
along  the  mid-dorsal  line,  a  flat,  fairly  thin  preparation  may  be  ob- 
tained for  moimting  in  balsam.  Thick  pieces  of  tissue  fixed  in  am- 
monium molybdate  are  usually  unsatisfactory  for  sections  or  other 
methods  of  study. 

In  the  two  species  studied  surprisingly  little  difference  was  found  in 
the  distribution  of  the  branches  of  the  third  pair  of  nerves.  Varia- 
tions occur  as  frequently  in  Branchiostoma  caribaemn  as  in  B.  lanceo- 
latum, and  are  similar  in  character.     In  both  species  nerve  III  usually 
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ple?ais  of  the  same  region,  is  fonned  sjinmetrically  from  branches  of 
nene  III,  one  the  right  nerve,  the  other  the  left.  Heymans  et  van  der 
Strieht  ('98)  also  note  this  condition  in  Branchiostoma  lanceolatum. 
Dogiel  ( :  02)  describes  in  detail  the  structure  of  the  plexuses  of  the 
mouth  border.  These  plexuses  will  he  briefly  considered  later  in  this 
paper.  I  found  no  branches  of  left  nerve  II  joining  the  inner  mouth 
plexus,  as  described  by  Hatschek;  on  the  contrary,  the  specimens 
observed  indicate  that  the  second  nerve  pair  is  not  concerned  in  the 
innervation  of  the  deep-lving  structures  of  the  mouth  border. 

Interesting  variations  occur  in  the  distribution  of  the  branches  of 
nerve  III  in  both  species.  In  one  case  (B.  lanceolatum)  a  branch  of 
right  nerve  III  anastomosed  with  the  branch  of  left  nerve  III  on  the 
right  side,  thus  actually  joining  the  inner  mouth  plexus.  Ordinarily 
the  ramifications  of  left  nerve  III  in  the  inner  mouth  plexus  on  either 
side  join  each  other  near  the  median  line,  but  in  one  specimen  (B. 
caribaeum)  no  anastomosis  occurred,  thus  presenting  the  curious 
condidon  of  an  incomplete  "nerve  ring**  in  the  inner  mouth  plexus. 

Xirre  IV, —  Tliis  nerve  usually  impregnates  with  methylene  blue 
coincidentally  vdxh  nerve  III,  but  the  portion  extending  over  the 
trunk  muscles  often  shows  a  l>etter  impregnation  after  longer  immer- 
sion. Bilateral  as\Tnmetry  exists  in  the  fourth  nerve  pair,  as  in  the 
third  pair,  and  many  variations  occur  in  its  manner  of  di\ision,  and 
the  distribution  of  its  branches.  As  sho\NTi  in  Plate  2,  Figure  6  (B. 
caribaeuni\  nerve  IV  arehes  slightly  more  than  nerve  III  immediately 
after  its  exit  from  the  neural  tul>e.  Near  its  place  of  exit,  this  nerve 
dixides  into  a  dorsal  and  a  ^•entral  ramus.  More  than  one  dorsal 
ramus  may  l>e  present,  and  the  ^  entral  ramus  may  subdixide  near  its 
origin;  but  I  have  never  noteti  the  entire  absence  of  the  ventral  ramus, 
or  its  eciuivalent,  on  either  side  of  the  IhxI;^'.  (Vcasionally  the  dorsal 
ramus  of  a  sensory  nerve  is  absent,  or  represented  by  a  twig  of  practi- 
cally no  inij)ortance.  In  such  castas  its  territory  is  suppUed  by  brancl^s 
of  an  unusuallv'  well  deveIot>e<i  dorsail  ramus  of  one  of  the  two  adjoin- 
ing nerves.  The  plaiv  of  division  of  nerve  IV  into  a  dorsal  and  a 
ventral  ramus  may  W  readily  notini  in  Figure  (>.  This  place  of 
division  is  often  ci^nctndtHl  by  the  muscles,  hut  frequently  may  be 
ascertainoti  by  the  aid  of  stn>ng  light,  esixx^ially  in  meth>'lene-blue 
prej^rations  pn^erveil  in  glyci^rine  and  ammonium  picrate.  Such 
preparations  often  l>eci>me  very  trans j>jinnit.  HevTiians  et  van  der 
Strieht  v*98^  say  that  the  bifureation  of  the  dorsal  roots  into  dorsal 
and  \Tntral  rami  is  aKva\*s  made  before  exit  from  the  myoseptum, 
except  in  the  case  of  the  last  caudal  nnn.     Aixx^niing  to  my  observa- 
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tions,  the  place  of  di\ision  in  the  first  6-8  anterior  nerves  may  occur 
at,  or  slightly  after,  the  exit  of  the  nerve  from  the  myoseptum,  al- 
though it  frequently  occurs  nearer  the  neural  tube. 

The  stem  of  the  dorsal  ramus  of  nerve  IV  is  usually  deflected  more 
or  less  anteriorly  (Figs.  6  and  7,  PI.  2).  This  ramus  divides  repeatedly, 
distributing  its  branchlets  over  the  surface  of  the  neighboring  trimk 
muscles,  and  in  that  portion  of  the  dorsal  fin  lying  approximately 
dorsal  to  the  nerve  root.  The  ventral  ramus  of  nerve  IV  is  usually 
of  greater  size  than  the  corresf)onding  ramus  of  nerve  III,  especially 
upon  the  left  side.  This  ramus  of  nerve  IV  takes  a  general  ventrad 
course  over  the  trunk  muscles;  but  in  its  course  over  these  muscles 
it  forms  an  arch  the  convexity  of  which  is  directed  anteriorly.  This 
arch  is  frequently  more  prominent  on  the  left  side,  and  a  like  one  may 
also  be  noted  in  the  ventral  ramus  of  nerve  V  (PL  2,  Fig.  7).  Dogiel 
( :  02)  states  that  an  arch  is  also  formed  in  the  course  of  the  ventral 
ramus  of  nerve  III,  and  occasionally  in  nerve  VI.  I,  however,  have 
observed  a  marked  arch  only  in  the  course  of  nerves  IV  and  V.  On 
the  left  side  this  arch  is  accentuated  by  the  fact  that  the  branch  of  this 
ramus  which  innervates  internal  substructures  bends  toward  the  in- 
terior of  the  body.  The  ventral  ramus  of  nerve  IV  gives  off  numerous 
subdividing  branches  in  its  course  over  the  side  muscles.  On  the  right 
side  it  divides  into  two  or  more  descending  branches,  which  innervate 
a  portion  of  the  outer  wall  of  the  oral  hood,  and  finally  break  up  into 
a  part  of  the  outer  mouth  plexus.  These  descending  branches  may 
be  formed  either  in  the  course  of  the  ventral  ramus  over  the  trunk 
muscles,  or  at  the  ventral  border  of  these  muscles,  or  even  in  the  oral 
hood.  The  branches  which  cross  the  oral  hood  usually  give  off  only 
small  side  branchlets.  The  ventral  ramus  of  left  nerve  IV  innervates 
a  much  larger  territory,  and  shows  considerable  variation  in  the  num- 
ber of  its  branches,  and  their  manner  of  distribution.  This  ramus 
usually  divides  into  its  main  branches  near  the  ventral  border  of  the 
side  muscles,  but  often  varies  in  this  regard.  A  branch,  or  branches, 
to  the  outer  plexus  of  the  mouth  may  be  given  off  from  the  main 
branch  at  any  point  in  its  course  over  the  trunk  muscles  (Fig.  7). 
Other  branches  to  this  plexus  may  be  given  off  at  or  near  the  place  of 
main  division  mentioned  above. 

The  remaining  branches  formed  at  this  place  of  division  are  destined 
for  less  superficial  structures.  Of  these,  one  or  more  take  a  course 
ventrad  across  the  oral  hood  and  form  that  part  of  the  inner  plexus  of 
the  mouth  lying  posterior  to  the  portion  formed  by  branches  of  left 
nerve  III.     The  branches  of  left  nerve  IV  which  aid  in  the  formation 
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of  the  inner  mouth  plexus  lose  their  slender,  thread-like  appearance 
as  they  approach  the  plexus,  and  become  flattened  and  band-like 
(PI.  2,  Fig.  7,  i;  PI.  4,  Fig.  18, 1).  These  branches  lie  interior  to  those 
(o.)  forming  the  outer  mouth  plexus,  the  difference  in  focus  increasing 
in  their  distal  portions.  The  branches  forming  the  inner  plexus  also 
lose  their  fibrous  appearance  in  methylene-blue  preparations  as  they 
approach  the  plexus,  and  appear  granular;  this  change  may  be  noted 
in  all  branches  of  dorsal  nerves  innervating  deep-lying  structiures. 
At  the  place  of  main  division  of  the  ventral  ramus  of  left  nerve  IV  a 
very  large  branch  is  abo  given  off,  which  bends  at  once  beneath  the 
ventral  border  of  the  trunk  muscles,  and  passes  to  the  right  side  of 
the  oral  hood.  Here  it  may  emerge  at  varying  places,  usually,  how- 
ever, near  the  ventral  border  of  the  trunk  muscles  of  the  right  side, 
and  often  anterior  to  the  ventral  branches  of  right  nerve  IV  (Fig.  18). 
This  branch  of  left  nerve  IV  subdivides  in  various  ways  in  the  right 
wall  of  the  oral  hood,  and  the  branches  thus  formed  break  up  into 
that  portion  of  the  inner  mouth  plexus  of  the  right  side  which  lies 
posterior  to  the  part  formed  by  the  branch  of  left  nerve  III,  previ- 
ously described.  No  other  nerve  branches  from  nerves  on  either  side 
of  the  body  appear  to  be  concerned  in  the  formation  of  the  inner  plexus 
of  the  mouth  border  on  the  right  side,  in  either  species. 

Another  large,  more  posterior  branch  of  left  nerve  IV  leaves  the 
ventral  ramus  at  its  main  place  of  division.  This  branch  bends 
beneath  the  trunk  muscles  toward  the  interior,  and  after  reaching  the 
median  region  ventral  to  the  notochord,  runs  posteriad  as  a  thick, 
straight  trunk.  In  methylene-blue  preparations  in  which  epithelial 
structures  are  not  retained,  this  nerve  branch  appears  to  end  abruptly 
a  short  distance  in  front  of  the  velum,  and  slightly  to  the  right  of  the 
median  line  (Fig.  8,  IVa).  This  nerve  may  correspond  to  the 
branch  of  nerve  V  described  by  Hatschek  ('92,  p.  144)  as  innervating 
the  sensory  groove  of  Hatschek.  Much  variation  certainly  occurs  in 
the  distribution  of  the  branches  of  the  dorsal  nerves  in  the  buccal 
region.  In  this  connection  it  may  be  noted  that  Heymans  et  van  der 
Stricht  ('98,  PL  VI,  Fig.  22)  figure  a  branch  of  left  nerve  IV  passing 
directly  to  the  right  side  of  the  velum.  I,  however,  have  been  unable 
to  find  any  connection  between  this  nerve  branch  and  the  nerves  of 
the  velum;  but,  in  some  instances  another  large  branch  of  the  ventral 
ramus  of  left  nerve  IV  clearly  did  join  in  the  innervation  of  the  velum. 
This  branch  is  usually  given  off  from  the  ventral  ramus  of  the  latter 
nerve  at  or  near  the  main  place  of  division,  and  most  frequently  enters 
the  velum  on  the  left  side  of  the  body.    In  one  specimen  (B.  lanceo- 
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latum),  however,  after  taking  a  posteriorly  directed  course  for  some 
distance  along  the  inner  border  of  the  trunk  muscles  of  the  left  side, 
this  branch  turned  dorsad  running  toward  and  a  little  beyond  the 
median  plane,  where  it  entered  the  velum  slightly  to  the  right  of  this 
plane.  This  is  the  only  instance  observed  of  a  left  nerve  branch 
entering  the  velum  on  the  right  side  of  the  body.  In  some  cases  a 
branch  of  left  nerve  IV  is  indirectly  connected  with  the  innervation  of 
the  velum  by  anastomosis  with  a  large  branch  of  left  nerve  V  which 
passes  directly  to  the  velum.  These  variations  occiu*  in  both  species, 
and  make  it  difficult  to  define  the  territory  innervated  by  the  fourth 
nerve  pair.  Such  variations  no  doubt  account,  in  large  measure,  for 
the  apparent  disagreements  between  the  various  descriptions  of  this 
nerve. 

Nerve  V. —  Nerve  V  (PI.  2,  Fig.  7)  is  in  many  respects  similar  to 
nerve  IV.  It  is  usually  of  about  the  same  size,  and  the  ventral  ramus 
forms  an  arch  similar  to  that  described  for  nerve  IV.  The  dorsal 
ramus  of  nerve  V  innervates  a  territory  corresponding  to  that  of  the 
dorsal  ramus  of  nerve  IV,  but  more  posterior,  and  the  portion  of  the 
ventral  ramus  taking  a  course  over  the  trunk  muscles  gives  off  branches 
similar  to  those  leaving  this  portion  of  the  ventral  ramus  of  nerve  IV. 
The  place  of  division  of  nerve  V  into  a  dorsal  and  a  ventral  ramus  in 
B.  caribaeum  is  illustrated  in  Figure  6.  The  fifth  nerve  pair  is  abo 
bilaterally  asymmetrical. 

The  ventral  ramus  of  right  nerve  V  usually  divides  at  or  near  the 
ventral  border  of  the  trunk  muscles  into  two  or  more  branches,  which 
cross  the  oral  hood  and  form  that  part  of  the  outer  mouth  plexus  lying 
posterior  to  the  portion  formed  from  branches  of  right  nerve  IV. 
Occasionally  only  a  single  small  branch  of  right  nerve  V  joins  the  outer 
plexus  of  the  mouth  border.  The  ventral  ramus  of  left  nerve  V  is 
larger  than  that  of  right  nerve  V,  and  exhibits  considerable  variation 
in  its  manner  of  division.  The  main  branches  are  usually  given  off 
at  or  near  the  ventral  border  of  the  lateral  muscle.  In  Figure  7  (B. 
caribaeum)  a  branch  to  the  inner  mouth  plexus  may  be  observed 
leaving  the  ventral  ramus  about  half  way  in  its  course  over  the  trunk 
muscles.  One  or  more  branches  usually  pass  to  the  outer  mouth 
plexus  from  the  main  place  of  division  of  this  ventral  ramus,  and  a 
like  number  leave  this  place  for  the  inner  plexus  of  the  mouth  border. 
A  band-like  nerve  branch  is  also  given  off  from  left  nerve  V  near  the 
ventral  border  of  the  side  muscles,  which  frequently  anastomoses 
with  a  branch  of  left  nerve  VI  (Figure  8).  This  nerve  branch  is  usually 
concerned  in  the  innervation  of  the  velum.     Another  form  of  con- 
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nection  between  nerves  V  and  VI  is  illustrated  in  Figure  7.  As  has 
been  stated,  a  branch  of  left  nerve  IV  sometimes  anastomoses  with 
left  nerve  V  in  this  region;  left  nerv^es  VI  and  VII  often  show  some  form 
of  connection  with  it  in  the  neighborhood  of  the  ventral  border  of  the 
trunk  muscles.  Thus,  with  the  slight  connection  sometimes  occurring 
between  nerves  II  and  III,  a  basis  is  formed  for  the  band-like  nerve 
described  by  Hatschek  (*92)  as  connecting  nerves  II-VII  in  this 
region.  Hatschek's  Figure  6  must  be  somewhat  diagrammatic, 
however,  since  this  condition  is  found  only  on  the  left  side,  and  even 
here  these  connecting  nerv^es  are  not  constant  in  occurrence  or  size. 
In  nearly  all  cases  left  nerve  V  sends  one  or  more  branches  to  the  velum. 
These  branches  usually  leave  the  ventral  ramus  near  the  ventral 
border  of  the  side  muscles  (Figs.  7,  8),  and  enter  the  velum  on  the  left 
side  of  the  body.  At  least  one  of  these  branches  forms  an  anastomosis 
with  a  branch  or  branches  of  left  nerve  VI,  and  frequently  a  similar 
anastomosis  is  formed  with  a  branch  or  branches  of  left  nerve  VII. 
These  anastomoses  vary  greatly  in  character;  it  is  often  difficult  to 
determine  the  share  of  each  nerve  in  the  innervation  of  the  velum. 
This  is  especially  true  when,  as  sometimes  happens,  branches  are 
given  off  to  the  inner  mouth  plexus  ventral  to  the  anastomosis  be- 
tween branches  of  left  nerves  V  and  VI  (Fig.  7). 

Nerce  VI. —  This  nerve  requires  only  a  brief  description.  A  form 
of  division  of  the  trunk  of  this  nerve  in  B.  caribaeum  may  be  noted  in 
Figure  6  (PI.  2).  The  dorsal  rami  of  this  nerve  pair  are  similar  to  those 
of  the  fifth  pair  of  nerves;  their  main  branches  are  illustrated  in 
Figures  6  and  7.  The  ventral  ramus  of  the  sixth  nerve,  both  the  right 
and  the  left,  is  usually  smaller  than  the  corresponding  ramus  of  nerve 
V,  but  the  cutaneous  branches  given  off  in  its  course  over  the  trunk 
muscles  correspond  to  those  leaving  the  similar  portion  of  nerve  V. 
In  both  species  the  remaining  branches  of  right  nerve  VI  are  distrib- 
uted in  the  oral  hood  and  external  portion  of  the  mouth  border  of  the 
right  side.  The  ventral  ramus  of  right  nerve  VI  divides  near  the 
ventral  border  of  the  trunk  muscles  into  two  or  more  slender  branches, 
which  take  a  general  course  ventrad  across  the  oral  hood,  and  break 
up  into  a  portion  of  the  outer  mouth  plexus.  The  corresponding 
ramus  of  left  nerve  Xl  sends  a  similar  branch,  or  branches,  to  the 
outer  plexus  of  the  mouth  border  on  the  left  side  of  the  body.  Left 
nerve  M  frequently  sends  a  branch,  or  branches,  to  the  inner  plexus 
on  the  left  side  of  the  mouth,  but  this  is  not  uniformly  the  case.  In 
several  specimens  examined  branches  of  left  nerves  III,  IV,  and  V 
formed  the  entire  left  portion  of  the  inner  mouth  plexus.     He>Tnans 
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et  van  der  Stricht  (*98,  p.  36)  state  that  the  plexus  of  Fusari  is  formed 
from  branches  of  left  dorsal  nerves  III-VI,  and  perhaps  VII.  As  has 
been  stated,  a  branch  of  left  nerve  V  usually  anastomoses  with  a 
branch,  or  branches,  of  left  nerve  VI.  From  this  anastomosis  a  branch 
passes  to  the  velum,  frequently  uniting  in  its  course  with  a  branch  of 
left  nerve  VII  (Fig.  7).  This  branch -to  the  velum  may  divide  in 
various  ways  before  entering  the  latter  structure.  Its  branches, 
however,  enter  the  velum  on  the  left  side  of  the  body. 

Nerxe  VII. —  Figure  6  (PI.  2)  shows  this  nerve  lea\'ing  the  neural 
tube  slightly  nearer  its  dorsal  surface  than  nerve  VI.  The  dorsal 
ramus  of  nerve  VII  on  either  side  of  the  body  is  similar  to  that  of  nerve 
VI,  except  for  a  slight  increase  in  size,  due  to  the  larger  territory  lying 
dorsal  to  the  seventh  nerve  root.  The  ventral  ramus  of  nerve  VII  on 
either  side  of  the  body  does  not  differ  from  that  of  nerve  VI  in  the 
region  of  the  trunk  muscles.  Right  nerve  VII  sends  one  or  more 
branches  to  the  posterior  portion  of  the  outer  mouth  plexus.  These 
branches  give  off  small  side  branches  in  their  course  across  the  oral 
hood.  Nerve  VII  of  the  right  side  occupies  a  position  considerably 
posterior  to  that  of  left  nerve  VII,  and  its  ventral  ramus  frequently 
lies  exterior  to  the  velum.  In  such  cases  right  nerve  VII  is  usually 
the  most  posterior  nerve  of  the  right  side  sending  branches  to  the  outer 
plexus  of  the  mouth  border.  In  nearly  all  the  specimens  examined 
the  branches  of  left  nerve  VII  were  found  to  be  exclusively  cutaneous 
in  their  distribution.  This  nerve  sends  branches  to  the  outer  mouth 
plexus  of  the  left  side,  similar  to  the  corresponding  branches  of  right 
nerve  VII.  I  have  been  unable  to  find  a  branch,  or  branches,  of  left 
nerve  VII  in  either  species  directly  connected  with  the  inner  plexus  of 
the  mouth  border.  As  has  been  noted,  Heymans  et  van  der  Stricht 
(*98)  state  that  left  nerve  VII  is  perhaps  concerned  in  the  formation 
of  the  plexus  of  Fusari.  This  may  be  the  case  in  rare  instances,  but  is 
certainly  not  the  usual  condition.  These  authors  also  state  that  left 
nerve  VII  contributes  toward  the  innervation  of  the  velum.  Dogiel 
( :  02)  also  says  that  nerve  VII  not  infrequently  takes  part  in  the  inner- 
vation of  the  velum.  The  specimens  examined  by  me  revealed  no 
large  branches  of  left  nerve  VII  passing  directly  to  the  velum.  In  a 
few  cases  a  small  branch,  or  branches,  of  this  nerve  anastomosed  with 
branches  of  left  nerve  V  or  VI  (Figure  7) ;  therefore  fibers  from  branch 
VII  may  take  this  course  to  the  velum;  but  it  is  difficult  to  determine 
the  course  of  nerve  fibers  after  such  an  anastomosis. 

Nerve  VIII. —  This  nerve  will  be  briefly  considered  here,  although 
its  branches,  for  the  most  part,  supply  the  branchial  region.     It  may 
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be  noted  in  Figure  6  that  this  nerve  leaves  the  neural  tube  very  near 
its  dorsal  surface,  and  arches  noticeably  immediately  after  its  exit 
The  dorsal  ramus  of  nerve  VIII  on  either  side  of  the  body,  and  the 
branches  of  this  nerve  pair  in  the  region  of  the  trunk  muscles,  are  so 
similar  to  the  corresponding  branches  of  the  two  next  anterior  nerves, 
already  described,  that  a  separate  description  is  unnecessary.  I  have 
been  unable  to  find  a  branch  of  the  ventral  ramus  of  right  nerve  VIII 
which  unquestionably  joins  the  outer  plexus  of  the  mouth  border. 
However,  since  branches  of  this  nerve  sometimes  lie  considerably 
anterior  to  the  velum,  it  seems  probable  that  they  may  occasionally 
contribute  toward  the  formation  of  that  plexus.  Left  nerve  VIII 
frequently  sends  a  small  branch  to  this  plexus  (Fig.  7),  but  such  a 
branch  is  as  frequently  lacking.  None  of  the  specimens  examined 
showed  a  branch  of  left  nerve  VIII  passing  to  the  velum,  as  described 
by  Dogiel  (:02). 

The  variation  in  the  territory  innervated  by  the  individual  anterior 
nenes  is  of  considerable  interest,  since  the  branches  of  a  nerve  usually 
supplying  a  certain  area,  may  be  supplanted  by  those  of  another 
nerve  which  leaves  the  neural  tube  at  some  distance  from  the  place  of 
exit  of  the  nerve  ordinarily  innervating  the  given  territory.  It  ap- 
pears from  this  that  the  same  nerve  does  not  always  carry  fibers  to 
precisely  the  same  area.  The  plexuses  and  communicating  nerve 
bands  of  this  region  may  have  a  bearing  on  this  point,  and  lead  to 
doubt  as  to  which  nerves  actually  supply  certain  territories.  The 
relation  of  the  nerve  components  of  the  neural  tube  to  each  other  in 
this  region  must  also  be  of  interest.  It  is  certainly  a  fact  worthy  of 
consideration  that  a  great  nerve,  Uke  nerve  IV,  leaving  the  neural 
tube  at  a  definite  place,  may  or  may  not  take  a  prominent  part  in  the 
innervation  of  the  velum. 

The  plexuses  of  the  mouth  border  have  been  frequently  described, 
especially  by  Fusari  (*89)  and  Dogiel  ( :  02),  and  will  not  be  taken  up 
in  detail  in  this  paper.  Besides  the  inner  and  outer  plexuses  of  this 
region,  Dogiel  describes  a  "  Zwischengeflecht,"  lying  between  them 
and  taking  its  origin  chiefly  from  the  outer  plexus.  The  nerve 
branches  taking  part  in  the  formation  of  the  plexuses  of  the  mouth 
border  in  the  specimens  of  both  species  observed  by  me  have  been 
already  enumerated.  Figure  18  (PI.  4)  illustrates  a  portion  of  the 
outer  plexus  in  Branchiostoma  caribaeum.  This  plexus  does  not 
appear  to  be  essentially  different  from  the  corresponding  plexus  in 
B.  lanceolatum.  The  inner  plexus  is  also  apparently  similar  in  the 
two  species. 
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C.    Nerves  of  the  Velum. 

The  nerves  of  this  structure  have  been  so  little  described  and 
figured  that  they  will  be  considered  under  a  separate  heading  in  this 
paper.  Rathke,  as  early  as  1841,  mentions  the  velum,  giving  the 
number  of  tentacles  as  sixteen.  Bolph  ('76)  notes  that  the  velum 
carries  about  ten  cirri.  Rohon  ('82),  van  Wijhe  ('93),  and  Hatschek 
('92)  mention  nerve  branches  passing  to  the  velimi;  but  the  most 
detailed  description  of  the  innervation  of  this  structure  is  found  in 
the  work  of  Heymans  et  van  der  Stricht  ('98).  These  authors  state 
that  the  voluminous  circular  nerve  of  the  velum  is  formed  from 
branches  of  left  dorsal  nerves  IV,  V,  VI  and  VII,  and  appears  to  occupy 
about  the  middle  part  of  the  sphincter  muscle,  at  the  interior  of  which 
it  gives  off  large  branches.  With  regard  to  nerves  passing  to  the 
velar  tentacles,  these  authors  state  (p.  36):  "nous  avons  ^galement 
observe  k  Tint^rieur  des  tentacules  des  fibres  nerveuses  que  nous 
avons  pu  poursui\Te  jusque  entre  des  cellules  ^pith^iales."  Contrary 
to  van  Wijhe,  they  found  in  their  preparations  no  impregnation  of 
sense  cells  in  the  velum.  As  mentioned  in  the  discussion  of  nerve  IV, 
Heymans  et  van  der  Stricht  describe  a  posterior  branch  of  left  dorsal 
nerve  IV  which  passes  under  the  body  of  Hatschek,  and  reaches  the 
right  portion  of  the  velum.  These  authors  illustrate  (PI.  VI,  Fig.  22) 
the  large  nerve  branches  passing  to  the  velum,  and  also  its  circular 
nerve.  Dogiel  ( :  02)  finds  branches  from  left  nerves  IV,  V,  VI,  VII, 
and  even  VIII  and  IX,  taking  part  in  the  innervation  of  the  velum. 
The  branches  of  nerves  IV  and  V  are  usually,  however,  most  important. 
Dogiel's  enumeration  of  the  more  anterior  nerves  must  be  considered 
in  connection  with  this  statement.  This  author  shows  (Taf.  20-21, 
Fig.  13)  a  portion  of  the  plexus  of  the  circular  muscle  of  the  velum.  In 
this  figure  branches  of  left  nerves  V,  VI  and  VIII  form  the  velar  plexus. 
In  his  Figur  1,  branches  from  left  nerves  IV,  V,  VI  and  VIII  pass  to 
the  velum.  The  branches  of  nerves  VIII  and  IX  which  he  finds 
occasionally  passing  to  the  velum  are  fine  branchlets  of  the  rami 
viscerali  of  these  nerves. 

My  personal  observations  on  the  innervation  of  the  velum  were 
made  largely  from  dissected  specimens  of  Branchiostoma  lanceolatum 
and  B.  caribaeum  impregnated  by  the  intra-vitam  method  with  methy- 
lene blue.  Most  of  these  specimens  were  fixed  in  ammonium  picrate, 
and  preserved  in  a  mixture  of  the  ammonium  picrate  and  glycerine. 
A  few  specimens  were  fixed  in  ammonium  molybdate,  dissected  and 
mounted  in  balsam.     In  either  case,  a  few  drops  of  osmic  acid  added 
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to  the  fixing  fluid  appeared  to  aid  greatly  in  preserving  the  impregna- 
tion. It  was  usually  most  convenient  to  use  only  the  anterior  portion 
of  the  body  in  studying  the  \'elum,  severing  the  body  a  short  distance 
behind  that  structure.  This  anterior  portion  was  prepared  for  study 
under  a  dissecting  microscope  by  cutting  with  fine  scissors  along  the 
longitudinal  axis,  usually  on  the  right  side,  as  close  as  possible  to  the 
dorsal  fin.  Certain  specimens  were  cut  in  different  regions,  so  as  to 
make  it  possible  to  determine  the  course  of  the  nerve  branches  on  both 
sides  of  the  body.  These  preparations  were  arranged  on  a  slide  in 
the  preserving  mixture,  \iith  the  aid  of  camel's  hair  brushes.  The 
velar  tentacles  were  arranged  in  the  position  showing  the  nerves  to 
best  advantage.  Thin  supports  beneath  the  cover-glass  were  usually 
necessary  to  prevent  injury.  Strong  light  was  found  useful  in  follow- 
ing the  deep-lying  nerve  branches,  but  the  velar  plexus,  when  im- 
pregnated, is  usually  visible  with  ordinary  light.  The  velar  nerves 
require  a  long  immersion  in  the  methylene-blue  mixture  (1^  to  2^ 
hours),  with  a  subsequent  exposure  to  air  of  about  one  hour.  Unless 
osmic  acid  is  added  to  the  fixing  fluid,  the  epithelial  covering  of  the 
velum  sloughs  off  to  a  large  extent. 

Although  considerable  variation  exists  in  the  innervation  of  the 
velum.  Figure  8  (PL  2)  presents  a  fairly  tj^jical  picture  of  the  branches 
of  the  dorsal  nerves  which  pass  to  this  structure,  and  the  distribution 
of  the  nerves  in  the  velum  itself.  Figure  9  shows  the  nerves  of  a  large 
and  a  small  velar  tentacle  in  greater  detail.  These  figures  present 
the  first  published  \iews  of  the  entire  plexus  of  the  velar  muscle,  and 
of  the  nerv'es  of  the  velar  tentacles.  These  figures  do  not  show  the 
epitheUal  covering  of  the  velum,  except  for  occasional  cells  apparently 
remaining  attached  to  nerve  branches. 

Figure  8  may  be  taken  as  a  basis  for  the  description.  In  this  sj>eci- 
men  branches  of  the  ventral  rami  of  left  nerves  V  and  VI  supply  the 
velum.  A  somewhat  complicated  alternation  of  anastomosis  and 
division  takes  place  between  these  branches  as  they  pass  to  the  velum. 
A  large  branch  of  left  nerve  V  takes  a  course  along  the  ventral  muscle 
border  to  the  ventral  ramus  of  left  nerve  VI,  and  anastomoses  with  the 
latter.  Two  branches  destined  for  the  velum  are  given  off  near  this 
place  of  union.  The  larger  (a)  takes  a  backward  course  along  the  ven- 
tral border  of  the  trunk  muscles  for  a  short  distance,  and  then  bends 
around  the  muscle  border  to  the  inner  surface  of  the  side  muscles,  where 
it  is  continued  posteriorly  with  considerable  deflection  dorsalward. 
As  it  bends  toward  the  interior,  this  large  branch  gives  off.  a  much 
smaller  one  (7),  which  passes  posteriad  and  ventrad,  dividing  after 
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a  short  distance  into  two  branches,  which  reach  the  velum  a  short 
distance  ventral  to  the  muscle  border.  These  two  latter  branches 
unite  in  the  velar  muscle,  and  the  band-like  nerve  thus  formed  may  be 
followed  in  almost  the  entire  circumference  of  the  ring  muscle,  although 
its  size  varies  considerably  in  different  portions. 

The  smaller  branch  (jS),  leaving  the  place  of  anastomosis  between 
the  branches  of  nerves  V  and  VI,  takes  a  general  course  backward 
over  the  inner  surface  of  the  trunk  muscles,  nmning  for  a  short  dis- 
tance dorsal  to  the  larger  branch.  Near  the  velum  these  two  nerve 
branches  (a,  P)  unite,  forming  a  short,  thick  trunk.  This  trunk  divides 
into  two  short,  diverging  branches  of  equal  size.  The  more  dorsal 
branch  (6')  enters  the  velum  about  the  width  of  two  myomeres  dor- 
sal to  the  ventral  muscle  border  of  the  left  side,  and  is  continued 
dorsad  in  the  circular  muscle  of  the  velum  as  a  slightly  irregular, 
thick  band.  This  band  curves  over  to  the  right  side  of  the  velum, 
and  breaks  up  into  the  velar  plexus.  The  more  ventral  (5)  of  these 
short,  diverging  branches  continues  ventrad  in  the  ring  muscle  of  the 
velum,  losing  its  band-like  character  at  the  base  of  the  fifth  tentacle 
ventral  to  the  border  of  the  trunk  muscles.  These  band-like  nerves 
lie  chiefly  near  the  bases  of  the  skeletal  portions  of  the  velar  tentacles, 
but  do  not  form  a  continuous  "band  nerve."  The  velar  plexus  Hes, 
for  the  most  part,  between  these  thick,  flat  nerves  and  the  free  portions 
of  the  tentacles.  A  comparatively  large  branch  passes  to  each  tentacle 
obliquely  from  one  of  the  band-like  nerves;  this  oblique  deflection  is 
usually  ventralward,  but  may  vary.  A  single  large  tentacle  in  the 
mid-ventral  region  receives  two  main  branches,  one  from  the  right 
side,  and  one  from  the  left.  The  velar  plexus  is  completed  by  numer- 
ous small  branches,  which  anastomose  to  form  an  irregular,  loose- 
meshed  network  between  the  band  nerves  of  the  circular  muscle  and 
their  large  branches  which  supply  the  tentacles.  Toward  the  more 
external  border  of  this  plexus  many  apparently  free-ending  small 
nerve  branches  are  visible.  These  may  terminate  in  some  form  in  the 
velar  epithelium,  or  may  possibly  join  a  finer  unimpregnated  plexus. 

The  nerves  of  the  velar  pl»xus  generally  exhibit  a  flattened,  granu- 
lar appearance  when  impregnated  with  methylene  blue,  and  their 
outKnes  do  not  present  the  clear-cut  aspect  noticeable  in  cutaneous 
branchlets  of  dorsal  nerves.  Their  structure  calls  to  mind  that  of  the 
nerve  branches  forming  the  inner  plexus  of  the  mouth  border,  and  the 
inner  abdominal  plexus.  Apparent  oval  nuclei,  or  nucleated  cells, 
may  be  frequently  observed  in  the  course  of  the  finer  branches  of  the 
velar  plexus  (PI.  2,  Fig.  9). 
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The  tentacles  of  the  velum  are  usually  alternately  large  and  small, 
but  this  arrangement  does  not  obtain  with  absolute  regularity.  Their 
number  does  not  appear  to  be  constant,  but  is  in  the  neighborhood  of 
fifteen.  The  innervation  of  the  tentacles  presents  a  beautiful  appear- 
ance when  impregnated  with  methylene  blue.  Figures  8  and  9  illus- 
trate these  nerves  with  different  degrees  of  detail.  From  these  figures 
it  may  be  observed  that  each  large  nerve  passing  to  a  tentacle  breaks 
up  suddenly,  at  the  base  of  its  tentacle,  into  a  great  number  of  small 
branches,  which  divide,  anastomose  and  interlace  throughout  the 
entire  free  portion  of  the  tentacle.  Such  meshes  as  are  formed  are 
usually  much  elongated  parallel  to  the  long  axis  of  the  tentacle. 
These  nerves  of  the  velar  tentacles  are  also  granular  in  appearance, 
and  occasional  small  nuclei  or  cells  occur  in  the  course  of  the  nerve 
threads.  Free  nerve  ends  may  be  noted,  but  these  must  always  be 
considered  in  connectiou  with  the  fact  that  in  methylene-blue  prepara- 
tions little  epithelium  favorable  for  studying  the  general  innervation 
of  the  velar  tentacles  persists.  In  some  instances  small,  darkly- 
staining  thickenings  of  the  nerve  ends  may  be  seen  projecting  beyond 
the  border  of  the  tentacles,  or  exterior  to  the  network  of  nerves  (Fig. 
9,  c).  These  may  represent  some  form  of  nerve  ending  in  the  epithe- 
lium of  the  velar  tentacles.  The  elaborate  innervation  of  the  tentacles 
suggests  that  many  nerve  endings  may  exist  in  them. 

The  variation  mentioned  in  the  nerves  supplying  the  velum  has  no 
doubt  led  to  the  apparently  conflicting  statements  with  regard  to 
the  numbers  of  these  nerves.  In  the  specimens  observed,  only 
branches  of  nerves  of  the  left  side  of  the  body  passed  to  the  velum, 
and  these  usually  enter  the  velar  muscle  on  the  left  side.  A  branch 
of  left  nerve  IV  has  been  described  which  entered  the  velum  slightly 
to  the  right  of  a  mid-dorsal  line,  but  this  case  appeared  to  be  excep- 
tional. Nerve  IV  may  send  a  branch  directly  to  the  velum,  or  a 
branch  may  anastomose  with  that  of  nerve  V  on  its  way  to  the  velum. 
In  Figure  7  branches  of  nerves  VI  and  VII  anastomose  with  the 
branch  of  nerve  V  passing  to  the  velimi.  It  is  diflScult  to  explain  just 
what  these  anastomoses  mean.  Nerve  IV  sometimes  sends  a  large 
branch  to  the  velum,  nerves  V  and  VI  usually  send  branches  of  con- 
siderable size,  but  nerve  VII  seldom  contributes  largely  toward  the 
innervation  of  the  velum.  The  branch  of  left  nerve  IV  indicated  at 
IVa  in  Figure  8  appears  to  be  associated  with  the  nerves  of  the  velum, 
but  is  actually  entirely  free  from  the  velar  muscle,  I  have  frequently 
observed  a  branch  of  left  nerve  IV  ending  in  this  manner  in  this  region. 
Variation  no  doubt  occurs  in  this  nerve  branch,  and  it  may  therefore 
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correspond  to  the  branch  of  nerve  V  described  by  Hatsc^hek  ('92, 
Figur  6,  A^.  S.)  as  passing  to  the  groove  of  Hatschek.  Heymans  et 
van  der  Stricht  ('98)  state  that  the  N.  recurrens  of  Hatschek  ends  at 
the  velum,  and  has  nothing  in  common  with  the  branchial  plexus. 
I  have  never  observed  a  large  branch  from  the  buccal  nerves  reaching 
the  branchial  basket. 

D.    Nerves  of  the  Branchial  Region, 

In  this  group  are  included  the  dorsal  nerves  lying  between  the 
velum  and  the  region  anterior  to  the  atriopore.  The  term  "  branchial " 
is  therefore  unsatisfactory  in  some  respects,  but  is  perhaps  the  one 
most  available  for  use  in  a  description  of  the  nerves.  In  B.  lanceo- 
latum  this  region  is  suppUed  by  nerves  VIII  to  XL,  or  XLI,  inclusive, 
while  in  B.  caribaeum  it  seems  probable  that  nerves  XXXVIII  and 
XXXIX  innervate  the  region  of  the  atriopore.  This  indicates  that 
the  difference  in  the  number  of  myotomes  in  the  two  species  occurs, 
in  part,  in  the  branchial  region.  Dogiel  (:02)  states  that  in  B. 
lanceolatum  nerve  XLII  is  the  most  posterior  nerve  supplying  the 
region  of  the  atriopore.  He  describes  the  fine-meshed  plexus  ramify- 
ing about  this  opening,  and  finds  that  branches  of  nerves  XXXVIII- 
XLII  may  take  part  in  its  formation.  Variations  certainly  occur  in 
these  nerves,  as  in  the  case  of  other  dorsal  nerves. 

The  nerves  of  this  region  impregnate  particularly  well  with  methy- 
lene blue,  but  require  a  longer  immersion  than  those  of  the  anterior 
part  of  the  body,  especially  in  the  case  of  the  visceral  branches. 
Strong  light  was  very  useful  in  following  the  finer  nerve  branches  in 
the  thicker  portions  of  the  body.  Various  branches  of  these  dorsal 
nerves  have  been  repeatedly  described;  the  accounts,  which  are 
somewhat  fragmentary,  will  be  taken  up  in  connection  with  the 
description  of  my  personal  observations. 

The  dorsal  nerves  of  this  region  differ  little  from  each  other  in  their 
main  characteristics,  and  in  certain  respects  resemble  those  of  the 
buccal  region.  It  may  be  noted  that,  as  seen  in  Plate  2,  Figure  6, 
the  arch  formed  by  each  dorsal  nerve  as  it  leaves  the  neural  tube 
gradually  increases  in  height  toward  the  middle  region  of  the  body. 
Here  the  arch  remains  practically  constant,  but  toward  the  posterior 
region  it  again  diminishes  in  height,  and  at  the  extreme  posterior  end, 
as  will  be  noted  later,  no  arch  is  present.  In  the  anterior  portion  of 
the  branchial  region  the  place  of  division  of  the  dorsal  nerves  into 
dorsal  and  ventral  rami  is  usually  at,  or  just  before,  the  exit  of  each 
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nerve  from  the  myoseptum  (Fig.  6).  In  the  remainder  of  this  region 
the  place  of  division  lies  deeper,  due,  in  the  main,  to  the  greater 
thickness  of  the  trunk  muscles;  for  the  majority  of  the  nerves  of  this 
group  di\ide  at  a  comparatively  uniform  distance  from  the  neural 
tube.  Much  variation  exists  with  regard  to  the  place  of  exit  of  the 
dorsal  and  ventral  rami  through  the  myoseptum  (PI.  6,  Fig.  34;  PI.  7, 
Figs.  37,  39).  Johnston  (:05)  states  that  "the  topical  place  of 
division  is  about  half  way  between  the  cord  and  the  dermis,"  rather 
than  close  beneath  the  dermis  as  described  by  Hatschek.  Johnston 
finds  much  variation  in  the  place  of  di^•ision,  and  frequent  cases  of 
separate  emergence  of  the  dorsal  and  ventral  rami. 

The  dorsal  rami  of  the  nerves  of  this  group  resemble  those  of  the 
more  anterior  region.  They  are  largest  in  the  thickest  portion  of  the 
body,  and  possess  a  great  number  of  branches,  and,  like  the  anterior 
dorsal  rami,  innervate  the  cutaneous  area  over  the  neighboring  trunk 
muscles,  and  the  adjoining  portions  of  the  dorsal  fin.  These  dorsal 
rami  frequently  emerge  from  the  myoseptum  not  as  single  stems,  but 
in  several  branches,  division  having  taken  place  beneath  the  dermis 
(Figs.  34,  39). 

The  ventral  rami  of  these  nerves  are  usually  large,  but  may  vary, 
one  or  two  rami  being  increased  in  size  at  the  expense  of  an  adjoining 
ramus  (Fig.  39).  A  ventral  ramus  may  even  be  entirely  absent. 
Both  dorsal  and  ventral  rami  give  off  a  number  of  repeatedly  dividing 
branches  in  their  course  over  the  trunk  muscles.  In  many  methylene- 
blue  preparations  which  retain  Httle  epithelium,  the  finer  branches 
appear  to  end  in  innumerable  delicate  branchlets,  the  distal  ends  of 
which  are  often  noticeably  directed  outward.  Frequently  these 
slender  branchlets  are  continued  into  fine  threads,  which  anastomose 
with  one  another  and  with  similar  threads  proceeding  from  adjoining 
nerves,  forming  a  delicate,  irregularly  meshed  plexus.  Such  plexuses 
are  not  limited  to  this  region,  but  are  also  present  in  connection  with 
nerves  posterior  to  the  atriopore.  These  plexuses  have  been  so  little 
observed  and  figured  that  a  detailed  account  will  be  given  of  their 
distribution  and  character  in  connection  with  the  discussion  of  sensory 
nerve  endings.  The  ventral  rami  of  the  dorsal  nerves  of  the  branchial 
region  (with  a  few  possible  exceptions)  di\4de  near  the  ventral  border 
of  the  side  muscles,  to  form  three  main  branches  (see  sketch,  PI.  4, 
Fig.  15a).  This  division  is  accomplished  in  various  ways,  and  each 
resulting  branch  may  be  represented  by  one  or  more  twigs.  The 
most  exterior  branches  formed  by  this  division  are  the  rami  cutanei 
ventraks,  noted  by  early  authors,  and  well  described  by  Fusari  ('89)^ 


Digitized  by 


GooglQ 


KUTCHIN. —  PERIPHERAL  NERVOUS  SYSTEM   OF  AMPHIOXUS.     595 

Heymans  et  van  der  Stricht  (*98)  and  Dogiel  (:  02).  These  branches 
ramify  over  the  metapleural  fold  and  ventral  wall  of  the  atrium, 
forming  a  cutaneous  network,  the  meshes  of  which  are  generally 
elongated  longitudinally.  Nerv^e  VIII  is  usually  the  most  anterior 
nerve  sharing  in  the  formation  of  this  plexus.  Fusari  (*89)  describes 
nerve  cells  and  ganglionic  knots  in  connection  with  this  network.  It 
is  of  interest  to  note  that  these  cutaneous  abdominal  branches  may 
leave  the  ventral  ramus  at  or  near  the  ventral  muscle  border,  or  the 
ventral  ramus  may  di\ide  much  earlier  in  its  course,  sending  one  or 
more  twigs  from  the  branches  thus  formed  to  the  superficial  abdominal 
region  (Figs.  37,  39).  In  Figure  39  the  absence  of  a  ramus  cutaneus 
ventralis  in  connection  with  nerve  XXXVI  is  to  be  noted. 

The  remaining  two  divisions  of  the  ventral  ramus  are  frequently 
formed  from  one  main  short  stem;  this  may  bend  toward  the  interior 
beneath  the  ventral  border  of  the  trunk  muscles,  or  may  penetrate 
a  myoseptum  at  some  distance  (the  width  of  one,  two  or  even 
three  myomeres)  dorsal  to  this  ventral  muscle  border.  These  two 
branches  may,  however,  leave  the  ventral  ramus  independently, 
instead  of  by  a  common  stem.  On  the  inner  surface  of  the  trunk 
muscles  the  short  stem  mentioned  above  di\'ides  into  two  main 
branches.  One  of  these,  the  ramus  visceralis  ascendens,  ascends 
over  the  inner  surface  of  the  trunk  muscles,  while  the  other,  the  ramus 
visceralis  descendens,  descends  to  the  inner  surface  of  the  transverse 
muscles.  Nerves  VIII  or  IX,  and  the  succeeding  dorsal  nerves  of  this 
region  usually  possess  a  ramus  visceralis  descendens,  but  I  was  unable 
to  find  a  ramus  visceralis  ascendens  anterior  to  that  of  nerve  XII. 
The  most  anterior  ascending  visceral  ramus  is  small,  but  the  suc- 
ceeding one  is  larger,  showing  the  characteristic  fan-like  branching. 
It  is  entirely  possible  that  branches  pass  to  the  most  anterior  branchial 
bars  from  the  descending  visceral  ramus,  or  the  inner  abdominal 
plexus.  In  this  connection  it  may  be  noted  that  the  fan-like  branches 
of  the  most  anterior  ascending  visceral  rami  observed,  were  directed 
obliquely  forward.  The  diagrammatic  sketch.  Figure  15a  (PI.  4), 
made  from  several  transverse  sections,  illustrates  a  fairly  typical  form 
of  division  of  the  ventral  ramus.  This  shows  a  branch  of  a  ventral 
ramus  penetrating  a  myoseptum  the  width  of  one  myomere  above  the 
ventral  muscle  border.  In  these  sections,  stained  with  Mallory's 
differential  stain,  the  connective  tissue  may  be  readily  discerned  on 
either  side  of  the  penetrating  branch.  Upon  its  exit  on  the  inner 
surface  of  the  side  muscles,  the  ascending  visceral  branch  takes  a 
course  dorsad  over  the  connective  tissue  covering  of  the  muscles. 
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This  branch  runs  for  some  distance  inside  a  gonadial  poudi.  The 
descending  branch  passes  downward  over  the  inner  surface  of  the  most 
ventral  myomere  to  the  inner  surface  of  the  transverse  muscles.  Here 
it  appears  to  lie  between  layers  of  connective  tissue.  Both  the  as- 
cending and  descending  visceral  rami  show  a  faint  bluish  tinge  in 
sections  stained  with  Mallory's  differential  stain,  due,  perhaps,  to  the 
presence  of  a  thin  connective-tissue  sheath. 

The  distribution  of  the  branches  of  the  rami  viscerales  descendentes, 
forming  the  inner  abdominal  plexus,  has  been  well  described  by 
Fusari  ('89),  Heymans  et  van  der  Stricht  ('M),  and  Dogiel  (:  02). 
Fusari  and  Dogiel  note  a  network  of  extremely  fine  threads  connected 
with  the  coarser  meshes  of  the  inner  abdominal  plexus.  Dogiel 
describes  these  threads  as  somewhat  varicose.  He  also  finds  other 
fine  branchlets  given  off  from  the  coarser  plexus,  which  run  to  the 
abdominal  muscles,  and  break  up  into  a  great  number  of  repeatedly 
dividing  finer  threadlets  that  possess  small  varicose  thickenings. 
Dogiel  is  of  the  opinion  that  these  threadlets  weave  about  the  trans- 
verse muscles  in  an  exceptionally  thick  plexus,  analogous  to  that 
which  he  has  described  for  the  "ring-muscle"  of  the  mouth.  He 
does  not  find  the  fibers  described  by  Heymens  et  van  der  Stricht  as 
passing  directly  from  the  coarser  plexus  to  penetrate  between  the 
lamellae  of  the  transverse  muscle,  where  they  terminate  in  swellings 
analogous  to  the  endings  of  nerve  fibers  in  smooth  muscle.  Dogid 
notes  small  three-cornered  nuclei  in  the  angles  formed  by  branchlets  of 
the  coarser  abdominal  plexus.  Fusari  finds  no  ganglion  celb  in  con- 
nection with  this  plexus,  but  notes  small  nuclei  at  the  knotted  places 
of  anastomosis.  He  designates  the  nerves  of  the  inner  abdominal 
plexus  as  sympathetic. 

The  finer  plexus  described  by  Fusari  and  Dogiel  b  clearly  visible  in 
certain  of  my  methylene-blue  preparations.  In  these  preparations 
the  threads  of  this  finer  plexus  are  less  varicose  than  those  figured  by 
Dogiel  (:02,  Fig.  14,  15).  However,  at  rather  infrequent  intervals 
swellings  resembling  small  nuclei  may  be  seen.  Many  of  these  finer 
threads  cross  the  interior  faces  of  the  coarser  meshes,  indicating  that 
they  lie  closer  to  the  epithelium  covering  the  inner  surface  of  the 
transverse  muscles  than  does  the  main  plexus.  A  few  fine  threads, 
however,  cross  the  external  surfaces  of  the  larger  meshes.  Tlie 
meshes  of  the  finer  plexus  are  generally  elongated  parallel  to  the  long 
axis  of  the  animal.  A  secondary  plexus  is  also  present  in  that  portion 
of  the  abdominal  region  which  lies  between  the  transverse  muscles  of 
either  side  of  the  body,  but  its  meshes  do  not  appear  to  be  as  dose 
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here  as  in  other  regions.  In  transverse  sections  stained  with  Mal- 
lory's  differential  stain,  portions  of  the  larger  plexus  may  be  seen  lying 
on  the  inner  surface  of  the  transverse  muscles,  in  connective  tissue. 
Since  many  of  the  threads  of  the  finer  plexus  are  nearer  the  surface  of 
the  atrial  cavity  than  those  of  the  coarser  plexus,  they  must  be  closely 
associated  with  the  bases  of  the  cells  lining  that  cavity.  In  portions 
of  my  preparations  the  finer  plexus  is  extremely  complica^,  and  the 
meshes  are  not  decidedly  elongated.  The  meshes  of  the  main  inner 
abdominal  plexus  sometimes  appear  knotted  in  methylene-blue  prepara- 
tions, even  though  the  knots  are  not  differentiated  in  any  way;  but  ap- 
parent nuclei  are  frequently  present  in  the  course  of  the  nerve  threads 
and  at  places  of  junction.  Certain  large  meshes  of  the  inner  abdominal 
plexus  send  branches  to  the  gonadial  pouches  (PI.  3,  Fig.  13,  t.), 
although  the  main  supply  for  these  structures  is  derived  from  the  ramus 
visceralis  ascendens.  In  Golgi  preparations  of  Branchiostoma  cari- 
baeum,  nerve  threads  were  found  scattered  in  the  transverse  muscles. 
It  was  impossible  to  determine  their  origin,  but  closely  associated 
threads  evidently  did  not  all  lie  in  the  same  focus.  The  greater 
number  of  these  threads  are  arranged  more  or  less  nearly  parallel 
to  the  long  axis  of  the  animal  (PL  6,  Fig.  23). 

Impregnation  with  methylene  blue  does  not  always  produce  the 
same  results  in  the  structural  appearance  of  these  visceral  nerves. 
In  some  preparations  the  threads  of  the  inner  abdominal  plexus 
appear  granular,  while  in  others  distinct  fibers  can  be  traced.  But 
notwithstanding  these  variations,  the  visceral  nerves  can  always  be 
distinguished  from  the  cutaneous  nerves  by  their  rougher  outlines. 

Rami  viscerales  ascendentes, —  Johannes  Miiller  ('41,  '44,  p.  96), 
and  Leuckart  und  Pagenstecher  ('68)  observed  nerves  passing  to  the 
branchial  basket.  Schneider  ('79,  p.  15)  observed  and  figured  sen- 
sory nerve  branches  penetrating  to  the  interior  at  the  ventral  border 
of  the  side  muscles.  These  branches  ramify  as  they  ascend  on  the 
surface  of  the  abdominal  cavity.  He  ascribes  the  function  of  the 
vagus  to  these  nerves.  Rohon  ('82,  p.  24)  agrees  with  this  interpreta- 
tion. He  also  describes  in  some  detail,  the  distribution  of  nerves  in 
the  ligamentimi  denticulatmn,  and  in  the  branchiae.  Fusari  ('89, 
p.  130)  describes  the  branchial  necve  branch  as  ascending  obhquely 
upward  and  forward  after  penetrating  to  the  interior,  finally  joining  the 
branchial  apparatus  by  way  of  the  ligamentum  denticulatmn.  He 
states  that  only  the  more  anterior  nerves  send  branches  to  the  branchiae 
and  that  the  nerves  of  the  tail  also  lack  the  "sympathetic"  branch. 
It  will  be  remembered  that  Fusari  designates  the  nerves  of  the  inner 
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abdominal  plexus  as  sjinpathetic.  According  to  Rohon,  the  branchial 
nerves  end  in  tufts.  Fusari  (p.  133)  differs  from  this,  and  states  that 
they  spread  out  in  a  membrane  that  covers  and  supports  the  branchial 
apparatus  on  its  external  surface.  On  this  membrane  the  different 
nerve  branches  form  a  net  of  irregular  meshes,  which  Fusari  calls  the 
nerve  net  of  the  branchiae  (his  Taf.  VIII,  Fig.  2).  This  figure  proba- 
bly illustrates  a  plexus  formed  by  ascending  visceral  branches  before 
they  reach  the  branchial  basket  (compare  PI.  4,  Figs.  15, 16).  Fusari 
probably  saw  a  nerve  net  distributed  over  the  gonadic  pouches. 
HejTnans  et  van  der  Stricht  (*98,  p.  41-44)  describe  in  detail  the 
branches  of  the  rami  viscerales  ascendentes,  and  figure  nerves  in  the 
ligamentum  denticulatum,  a  small  number  of  fibers  on  the  branchial 
bars,  and  fibers  on  the  cross  bars,  joining  those  running  lengthwise  of 
the  primary  and  secondary  bars  (their  Fig.  30).  These  authors  also 
figure  a  plexus  distributed  along  the  median  ventral  portion  of  the 
branchial  basket,  and  show  a  portion  of  a  plexus  covering  the  gonads. 
They  never  found  nerve  fibers  in  the  interior  of  the  branchiae.  They 
note  a  plexus  in  the  ligamentum  denticulatum,  parts  of  which  resemble 
a  longitudinal  nerve  trunk;  but  in  their  opinion  an  actual  large  longi- 
tudinal nerve  does  not  usually  exist,  except  as  formed  indistinctly  by 
the  anastomosis  of  different  branches  of  the  ascending  \'isceral  nerves. 
These  authors  are  therefore  inclined  to  deny  the  existence  of  a  distinct 
vagus  nerve.  Other  branches  of  the  rami  viscerales  ascendentes  were 
observed,  which  these  writers  (PI.  VIII,  Fig.  26)  regard  as  perhaps 
innervating  the  blood-vessels,  digestive  tube,  and  the  parietal  serous 
surface  of  the  branchial  cavity.  Dogiel  ( :  02)  presents  figures  of  Golgi 
preparations  showing  numerous  fibers  on  the  primary  and  secondary 
branchial  bars,  and  on  the  cross  bars;  also  nerve  cells  of  spindle-like 
or  angular  shape,  previously  undescribed,  possessing  from  three  to 
six  processes,  which  gradually  divide  into  a  great  number  of  twigs. 
Dogiel  finds  such  cells  in  all  parts  of  the  branchial  basket,  and  regards 
them  as  analagous  to  the  sympathetic  cells  in  the  intestinal  plexus  of 
the  "Neunauge"  (river-lamprey).  He  also  finds  ascending  visceral 
branches  posterior  to  the  branchial  basket,  which  he  is  certain  supply 
the  intestinal  canal  (Fig.  17a,  176, 18a,  186, 19a,  and  196). 

My  own  observations  on  the  lyscending  \isceral  nerves  and  their 
branches  were  made  chiefly  from  specimens  of  B.  lanceolatum,  only  a 
few  individuals  of  B.  caribaeum  proving  favorable  for  study  of  these 
nerves.  Dissected  specimens  previously  impregnated  with  methylene 
blue  were  particularly  useful  in  following  the  ramifications  of  the  rami 
viscerales  ascendentes.     A  study  of  these  nerve  branches  is  attended 
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with  difficulties,  since  it  is  necessary  to  lift  the  pharvTix  wall  to  disclose 
the  nerves  on  the  internal  surface  of  the  side  muscles,  and  in  the 
ligamentum  denticulatum,  and  this  proceedure  is  more  than  likely  to 
break  the  slender  nerve  threads  passing  to  the  ligamentum  denticula- 
tum and  the  branchial  basket.  The  accompan\*ing  series  of  figures 
(PL  2,  Fig.  10;  PI.  3,  Figs.  13,  14;  PI.  4,  Figs.  15-21,  PI.  5,  Fig.  30) 
aims  to  illustrate  the  distribution  of  numerous  branches  of  the  rami 
viscerales  ascendentes  with  as  much  clearness  as  these  technical 
difficulties  permit. 

As  has  been  noted,  a  visceral  branch  may  bend  around  the  ventral 
border  of  the  side  muscles,  or  penetrate  a  myoseptum  further  dorsal- 
ward.  A  dorsal  nerve  may  possess  two  or  more  \'isceral  branches, 
instead  of  one.  Figures  13  and  15  (Pis.  3  and  4)  illustrate  a  condition 
of  frequent  occurrence,  in  which  a  branch  of  the  ventral  ramus  pene- 
trates to  the  interior  through  the  myoseptum  just  dorsal  to  the  most 
ventral  myomere.  In  either  case,  division  into  a  descending  and  an 
ascending  \dsceral  ramus  takes  place  immediately  after  reaching  the 
internal  surface  of  the  side  muscles,  the  ascending  branch  running 
dorsalward,  and  the  descending  branch  taking  a  general  ventrad 
dffection.  In  Figure  15  the  descending  ramus  is  small,  but  in  Figure 
13  its  size  is  equal  to  that  of  the  ascending  ramus.  Such  variations 
in  size  are  frequent,  and  when  a  branch  is  unusually  small,  compensa- 
tion may  ordinarily  be  noted  in  an  adjoining  nerve.  The  ramus 
visceralis  ascendens  gives  off  branches  from  either  side  as  far  as  a  main 
stem  can  be  observed,  but  the  origin  of  the  more  ventral  of  these 
branches  is  usually  obscured  by  a  gonadic  pouch.  A\Tien  one  of  these 
pouches  is  empty  (Fig,  13),  the  nerves  which  innervate  its  entire 
surface  with  an  elaborate  network  may  be  readily  seen  arising  either 
from  the  ascending  \isceral  ramus,  or  its  first  branches,  or  from 
branches  of  the  descending  visceral  ramus,  or,  finally,  from  meshes  of 
the  inner  abdominal  plexus.  These  nerve  branches  ramify  to  form 
a  plexus  which  covers  not  only  the  more  interior  surface  of  the 
gonadial  pouch,  but  also  the  surface  adjoining  the  muscles.  This 
plexus  is  extremely  delicate  and  fine-meshed.  The  more  exterior 
portion  is  continuous  throughout  the  region  of  the  gonadic  pouches, 
the  network  arising  from  one  nerve  uniting  with  that  which  is  in 
connection  with  an  adjoining  nerve.  Tliis  network  also  joins  the  more 
dorsal  fan-like  branches  of  the  rami  viscerales  ascendentes.  This 
plexus  is  probably  also  continuous  with  that  which  is  in  connection 
with  the  intestinal  canal,  and  it  possibly  extends  beyond  the  anus. 
^Vhen  the  gonadic  pouches  are  large  and  press  against  each  other,  the 
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plexus  on  their  more  interior  surfaces  appears  continuous  and  the 
origin  of  branches  from  the  visceral  rami  b  largely  hidden.  Figure  13 
(PL  3)  shows  only  the  larger  meshes  of  the  plexus  on  the  internal 
surface  of  a  gonadic  pouch,  but  the  origin  of  these  branches  is  illus- 
trated. In  Figure  10  (PI.  2)  the  finer  meshes  of  this  plexus  are  shown 
under  greater  magnification.  In  methylene-blue  preparations  the 
threads  of  the  gonadic  plexus  often  appear  faintly  granular,  indicating 
that  they  impregnate  in  a  manner  similar  to  the  nerves  of  the  inner 
abdominal  plexus.  Heymans  et  van  der  Stricht  ('98)  find  the  "peri- 
toneal" plexus  less  rich  under  the  sexual  glands,  but  in  this  they 
probably  refer  only  to  the  larger  meshes.  These  authors  do  not 
figure  the  origin  of  branches  running  to  the  gonadic  pouches,  and  give 
no  detailed  account  of  their  innervation.  Dogiel  ( :  02)  does  not 
discuss  the  innervation  of  these  organs. 

The  main  stem  of  an  ascending  visceral  ramus  may  usually  be  fol- 
lowed dorsad  a  distance  equal  to  the  width  of  one,  two  or  even  three 
myomeres  from  the  ventral  border  of  the  side  muscles,  and  then  it 
breaks  up  into  a  large  niunber  of  branches  spreading  out  fan  fashion 
over  the  inner  surface  of  these  muscles.  In  the  anterior  part  of  the 
body  these  fans  are  directed  somewhat  anteriad  as  well  as  dorsad 
(PI.  4,  Fig.  15),  but  the  branches  of  the  more  posterior  ascending 
visceral  rami  take  in  general  a  dorsad  direction.  If  the  wall  of  the 
branchial  basket  is  lifted  to  disclose  these  nerves,  the  numerous 
branches  of  a  fan  often  appear  broken  off  abruptly  in  the  middle 
region  of  the  side  muscles,  and  the  distal  broken  ends  are  most  fre- 
quently bent  away  from  the  muscles  as  though  lying  in  a  membrane 
not  closely  attached  to  the  side  muscles.  This  is  no  doubt  due  to  the 
entrance  of  these  nerves  into  the  ligamentum  denticulatum.  As  may 
be  noted  in  Figure  15,  c  and  d,  the  branches  of  one  fan  anastomose 
with  those  of  an  adjoining  fan,  thus  forming  a  continuous  network 
along  the  inner  surface  of  the  side  muscles,  and  in  the  ligamentum 
denticulatum.  This  plexus  may  or  may  not  lie  dorsal  to  the  gonadic 
pouches,  depending  on  the  size  of  the  pouches.  As  has  been  mentioned, 
these  fans  join  nerve  threads  which  innervate  the  sexual  glands. 

From  the  plexus  formed  by  these  fans,  certain  branches  pass  upward 
along  the  ligamentiun  denticulatum  (PL  4,  Figs.  16,  17),  while  others 
ramify  extensively  in  the  "pocket"  portions  of  this  ligament.  These 
nerves  often  present  a  fibrous  appearance,  as  noted  by  Fusari;  but 
this  seems  to  depend  on  the  time  or  manner  of  fixation.  In  other  cases 
they  appear  dotted,  with  rough  edges,  the  latter  perhaps  due  to  the 
deposit  of  a  small  quantity  of  coloring  matter  in  the  surrounding 
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tissue.  The  nerves  to  the  branchial  basket  pass  upward  along  the 
ligamentum  dentieulatum  in  numerous  small  threads^  and  enter  the 
basket  not  far  from  its  dorsal  region  of  attachment.  The  nerves  in 
the  "pocket"  portions  of  the  ligament  run  more  or  less  longitudinally 
(Fig.  17),  while  those  in  the  portions  attached  to  the  primary  bars 
take  a  nearly  vertical  direction.  As  may  be  noted  in  Figure  17, 
nerves  pass  to  the  primary  and  secondary  bars  from  various  portions 
of  the  Kgament.  Figures  14  (PL  3)  and  19  (PL  4)  show  the  nerve 
threadlets  of  the  primary  and  secondary  branchial  bars,  and  the 
connecting  threads  passing  along  the  cross-bars.  These  figures, 
drawn  from  methylene-blue  preparations,  show  an  interesting  Ukeness 
to  DogieFs  Figur  17a,  taken  from  a  Golgi  preparation.  In  the  course 
of  treatment  after  impregnation  with  methylene  blue,  the  branchial 
epithelium  sloughs  off  in  large  measure,  exposing  the  nerve  threads. 
The  nerves  which  pass  dorsad  along  the  primary  and  secondary  bars 
lie  at  first  on  the  more  exterior  (lateral)  surface  of  the  branchial  basket. 
As  the  threads  ascend,  they  gradually  shift  toward  the  interior,  and 
a  greater  number  of  threads  are  often  found  on  the  more  posterior 
portion  of  each  primary  bar.  Near  the  top  of  the  primary  bar  these 
threads  pass  into  a  plexus  lying  between  any  given  bar,  and  the  next 
posterior  secondary  bar  (Fig.  20).  It  is  quite  possible  that  as  many 
fibers  ascend  on  the  anterior  side  of  the  bars  to  join  this  dorsal  plexus, 
but  the  specimens  observed  did  not  show  as  great  a  number.  Nerves 
passing  along  the  secondary  bars  join  this  dorsal  plexus  with  a  smaller 
niunber  of  threads.  In  the  middle  region  of  the  branchial  basket, 
and  in  its  ventral  portion,  the  nerve  threads  lie  on  its  more  external 
surface.  The  nerves  of  the  primary  bars  are  loosely  placed,  and  form 
an  irregularly  meshed  network,  the  threads  of  which  are  not  noticeably 
arranged  lengthwise  of  the  bar  (Figs.  17,  19).  On  the  secondary  bars 
(PL  3,  Fig.  14),  on  the  contrary,  the  slightly  knotted  nerve  threads 
form  a  plexus  consisting  of  numerous  long,  longitudinally  arranged 
threads,  connected  by  short  branches.  This  plexus  appears  to  be 
rather  smoothly  drawn  over  the  surface  of  the  bar,  in  contrast  to  that 
of  the  primary  bars.  The  knotted  appearance  of  threads  on  the 
secondary  bars  may  be  an  artificial  condition.  Nerve  threads  crossing 
from  one  bar  to  another  along  the  cross-bars  form  a  plexus  over  the 
latter  in  their  course.  At  least,  in  the  region  dorsal  to  the  Ugamentum 
dentieulatum  fibers  pass  from  primary  to  secondary  bars  at  other 
points  than  the  cross-bars,  thus  adding  to  the  elaborateness  of  the 
branchial  plexus. 
I  find  a  large  number  of  the  previously  mentioned  special  nerve 
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cells,  which  were  first  described  by  Dogiel  ( :  02)  as  connected  with 
nerves  of  the  branchial  basket.  Dogiel  figures  these  cells  as  they  ap- 
pear in  Golgi  preparations,  and  states  that  in  methylene-blue  prepara- 
tions he  noted  large  round  or  oval  nuclei  on  certain  nerve  branchlets 
of  the  branchial  basket,  which  he  identifies  as  the  nuclei  of  the  cells 
found  in  Golgi  preparations  of  the  branchial  region.  These  "nuclei" 
are  shown  in  his  Figur  16,  taken  from  a  methylene-blue  preparation. 
This  figure  shows  a  condition  frequently  present  in  my  methylene-blue 
preparations.  Comparatively  smooth  lines,  darkly  colored  with 
methylene  blue,  run  parallel  to  the  branchial  bars,  but  do  not  appear 
to  be  connected  with  the  e\ident  nerves  of  the  pharjTix.  Possibly 
these  may  be  blood  vessels;  at  any  rate  the  nerve  cells  (Figs.  19,  21) 
which  are  impregnated  with  methylene  blue  in  my  preparations  are 
not  connected  with  these  lines,  but  with  the  branchial  plexus.  Fig- 
ures 19,  21,  and  30  show  these  cells  in  methylene-blue  preparations, 
and  in  a  Golgi  preparation.  They  correspond  in  sliape  and  number 
of  processes  to  those  described  by  Dogiel.  The  nuclei  of  the  cells 
impregnated  with  methylene  blue  are  often  diflScult  to  discern,  as  is 
frequently  the  case  in  other  nerve  cells  impregnated  more  or  less  with 
methylene  blue.  This  led  to  the  suggestion  that  these  bodies  might 
themselves  be  nuclei.  Upon  measurement  of  these  so-called  cells, 
and  those  impregnated  after  the  method  of  Golgi,  it  was  found  that 
the  size  in  either  preparation  was  practically  the  same,  the  bodies  in 
methylene-blue  preparations  being  if  anything,  a  little  rounder  and 
fuller.  In  the  Golgi  preparation  illustrated  (Fig.  30)  a  lighter  nucleus 
is  plainly  visible  in  the  multipolar  cell.  These  cells  are  present  on 
both  primary  and  secondary  bars,  and  are  present  at  least  in  the 
ventral  and  side  regions  of  the  pharynx,  on  its  external  surface.  In 
the  ventral  region  these  cells  are  distributed  in  connection  with  the 
elaborate  plexus  which  spreads  over  this  portion  of  the  branchial 
basket. 

There  are  certain  branches  of  the  rami  \4scerales  ascendentes 
which  are  connected  with  the  fan-like  branches  of  these  rami,  but 
apparently  do  not  have  the  same  ultimate  destination  (Fig.  15,  e), 
since  they  are  lost  to  xiew  in  the  region  between  the  muscles  and  the 
ligamentum  denticulatum.  Heymans  et  van  der  Stricht  ('98)  figure 
nerve  branches  of  the  ascending  visceral  rami  (PL  VIII,  Fig.  26, 
NDV.),  which  they  designate  as  digestive  and  vascular,  but  the 
destination  of  such  branches  has  never  been  satisfactorily  determined. 
It  is  certain,  however,  that  further  experiments  vdth  methylene-blue 
impregnation  and  other  methods,  will  reveal  many  additional  compli- 
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cations  in  the  distribution  of  the  visceral  nerves  of  Amphioxus.  The 
investigations  up  to  the  present  time  establish  the  fact  that  the  visceral 
rami  of  the  dorsal  nerves  are  elaborately  connected  throughout  the 
atrial  region,  and  that  multipolar  nerve  cells  occur  in  connection  with 
these  visceral  nerves. 

E,     Nerves  Posterior  to  the  Atriopore, 

Dogiel  ( :  02)  has  described  in  detail  the  main  cutaneous  branches 
of  these  nerves,  and  illustrates  the  larger  branches  in  his  Figures  2  and 
3.  He  notes  the  presence  of  "rami  communicantes "  connecting 
two  adjacent  ventral  rami  of  dorsal  nerves  in  their  course  over  the 
side  muscles  of  this  region,  but  does  not  limit  the  occurrence  of  such 
connecting  branches  to  the  posterior  portion  of  the  body. 

In  the  specimens  which  I  have  observed,  the  cutaneous  branches 
in  this  region  are  more  munerous  than  represented  by  previous  authors. 
Rich  plexuses  are  frequently  present  both  between  the  dorsal  rami  and 
between  the  ventral  rami  of  these  nerves  on  the  same  side  of  the  body 
(PI.  6,  Figs.  34-36).  These  plexuses  will  be  described  in  connection 
with  the  sensory  nerve  endings.  A  "ramus  communicans"  was 
frequently  found  in  this  region,  as  well  as  in  other  parts  of  the  body. 
The  elaborate  branching  of  the  last  dorsal  nerve  of  Branchiostoma 
caribaeum  is  illustrated  in  Figures  31  and  33  for  the  right  and  left  sides 
respectively.  This  pair  of  nerves  is  exclusively  cutaneous,  and  its 
branches  are  more  numerous  than  the  figures  by  previous  authors 
indicate.  The  most  posterior  dorsal  nerve  is  posterior  to  the  last  ven- 
tral root,  and,  according  to  Hatschek's  interpretation  of  the  relation  of 
the  nerves  to  the  myomeres,  belongs  to  the  preceding  myomere.  He 
states  that  each  dorsal  nerve  belongs  to  the  myomere  anterior  to  the 
myoseptum  through  which  it  passes,  and  that  the  ventral  root  in- 
nervating this  myomere  appertains  to  this  dorsal  root. 

Little  attention  has  been  previously  given  to  visceral  branches  in 
this  region.  Heymans  et  van  der  Stricht  ('98,  p.  43)  note  in  Golgi 
preparations  apparent  nerve  fibers  on  both  the  parietal  and  visceral 
mucosa  faces  posterior  to  the  abdominal  pore.  They  were  unable  to 
find  the  origin  of  these  nerves,  or  to  trace  their  course,  but  suggest 
that  they  may  come  from  the  "  abdominal"  visceral  nerves  (Hatschek), 
or,  more  probably,  as  an  extension  of  "thoracic"  longitudinal  nerves 
into  the  "  abdominal "  cavity.  These  authors  seem  to  apply  the  term 
"abdomen"  to  the  region  containing  the  intestinal  canal.  They  also 
note  in  Golgi  preparations  nerve  fibers  suppKing  the  surface  of  the 
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intestine,  and  (p.  44)  branches  from  certain  dorsal  nerves  (14th  to 
16th  from  the  tail  end)  of  the  left  side  of  the  body  supplying  the  anus. 
A  branch  from  the  right  13th  (from  the  tail  end)  appears  to  have  the 
same  destination.  Dogiel  ( :  02)  states  that  the  dorsal  nerve  pairs 
from  XL,  or  XLI,  to  LIII,  or  LIV,  inclusive,  give  off  ascending 
visceral  branches,  which  bend  around  the  ventral  border  of  the  side 
muscles,  or  penetrate  a  myoseptum  to  reach  the  interior.  Beginning 
with  nerve  XLI  or  XLII,  these  \isceral  branches  divide  into  a  great 
number  of  branchlets,  which  weave  around  the  whole  rectum  reaching 
to  the  anus.  A  fine  plexus  is  formed  in  the  walls  of  the  anus  from 
exceedingly  fine  and  slightly  varicose  branches  of  nerves  LI,  LII  and 
LIII.  Dogiel  does  not  state  that  the  nerves  of  one  side  are  more 
concerned  in  the  innervation  of  the  anus  than  those  of  the  other.  It 
is  uncertain  whether  or  not  he  finds  \isceral  branches  from  the  nerves 
succeeding  nerve  LIV;  his  figures  surely  do  not  illustrate  such  branches. 
His  Figures  19a  and  196  show  ramifications  of  the  visceral  branches 
of  nerves  XLII  to  XL VI  inclusive.  These  extend  on  the  inner  surface 
of  the  side  muscles  from  their  ventral  border  a  short  distance  dorsad. 
Both  figures  are  drawn  as  seen  from  the  exterior. 

In  the  specimens  I  have  examined,  occasionally  visceral  branches 
were  apparently  lacking  to  certain  dorsal  nerves,  but,  as  Dogiel  has 
observed,  the  manner  in  which  these  penetrate  to  the  interior  may  be 
such  that  a  view  from  the  exterior  fails  to  give  any  evidence  of  their 
presence.  Examination  of  a  large  number  of  specimens  disclosed 
visceral  branches  to  practically  all  the  nerves  of  this  region  from  XL 
to  LXI,  inclusive.  However,  visceral  branches  could  never  be  dis- 
cerned from  the  exterior  for  all  of  these  nerves  in  a  single  specimen. 
In  one  case  nearly  all  dorsal  nerves  as  far  as  nerve  LX  showed  \Hlsceral 
branches.  I  have  never  observed  visceral  branches  in  connection 
with  nerves  LXII,  LXIII  or  LXIV  (when  64  nerves  are  present). 
The  innervation  of  the  anus,  which  Hes  on  the  left  side,  is  usually 
supplied  by  branches  of  left  nerves  LI-LIII,  in  both  species.  Varia- 
tion occurs  here,  and  it  is  probable  that  in  Branchiostoma  caribaeum 
more  anterior  nerves  may  occasionally  innervate  this  structure. 
Frequently  only  two  of  the  nerves  mentioned  above  give  off  branches 
which  weave  about  the  anus.  Right  nerves  LI,  LII  and  LIII  often 
show  branches  penetrating  to  the  interior,  but  these  could  never  be 
traced  to  the  anus. 

In  methylene-blue  preparations  suitable  for  dissection,  the  intestine 
is  rarely  in  favorable  condition  for  study,  although  the  main  visceral 
nerve  branches  impregnate  particularly  well.     Such  preparations  cut 
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along  the  dorsal  median  line,  and  laid  open  with  the  internal  surfaces 
uppermost,  proved  very  interesting  when  studied  with  the  aid  .of 
strong  light.  Figure  32  (PI.  6)  is  drawn  from  a  specimen  dissected 
after  this  fashion.  It  is  evident  from  this  figure  that  many  more 
nerve  branches  penetrate  to  the  interior  than  can  be  observed  from  an 
external  view.  These  branches  appear  smooth  and  darkly  stained 
for  a  short  distance  after  they  reach  the  interior,  and  their  finer 
branches  ramifying  over  the  base  of  the  ventral  fin  have  a  similar 
appearance.  As  the  visceral  branches  ascend  and  ramify  on  the 
internal  surfaces  of  the  muscles,  they  are  more  lightly  colored,  and 
often  flatten  out  into  comparatively  broad  bands,  which  appear 
loosely  confined.  On  the  right  side  may  be  noted  branches  which 
probably  supply  the  posterior  extension  of  the  atrium.  The  nerves 
ramifying  over  the  base  of  the  ventral  fin  are  not  to  be  confused  with 
the  cutaneous  supply.  The  latter  may  be  seen  in  a  specimen  dissected 
and  examined  in  the  manner  just  described,  but  they  lie  at  a  much 
lower  focus  (i.  e.  nearer  the  surface).  A  few  nerves  were  observed 
forming  a  network  over  the  inner  surface  of  the  side  muscles  posterior 
to  the  anus,  thus  accounting  for  at  least  a  part  of  the  visceral  nerves 
observed  from  the  exterior  in  this  region.  The  nerve  supply  for  the 
intestine  probably  reaches  the  latter  through  the  membrane  (mesen- 
tery) which  holds  it  in  place  beneath  the  notochord.  This  corre- 
sponds to  the  manner  in  which  a  nerve  supply  reaches  the  pharynx. 
The  presence  of  the  post-atrial  extension  on  the  right  side  of  the  body 
in  this  region,  may  bring  about  modifications  in  the  arrangement  of 
the  visceral  nerves  of  that  side.  Certain  abruptly  ending  branches, 
indicated  at  c,  c,  in  Figure  32,  may  be  the  result  of  imperfect  impregna- 
tion, or  have  a  significance  not  yet  determined.  It  seems  certain 
that  a  network  of  nerve  threads  similar  to  that  noted  in  the  branchial 
region  spreads  over  the  internal  surfaces  of  the  muscles  posterior  to 
the  atriopore. 

In  certain  transverse  sections  of  the  tail  region,  stained  with 
Mallory's  differential  stain,  a  pathological  condition  was  evident,  in- 
volving nearly  all  the  structures  of  one  myomere,  and  present  to  a 
slight  extent  in  an  adjoining  one. 

Considerable  variation  was  noted  in  the  total  number  of  dorsal 
nerve  pairs  in  each  species.  In  Branchiostoma  lanceolatum  the 
number  counted  most  frequently  was  63;  while  in  B.  caribaeum  the 
number  appeared  to  be  between  56  and  60. 
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F,    Spinal  Ganglia, 

Dogiel  ( :  02)  found  special  structures  in  connection  i^ith  the  dorsal 
nerves  of  Amphioxus  which  he  interprets  as  spinal  ganglia.  These 
bodies  appeared  in  specimens  immersed  from  3-6  hours  in  a  dark  blue 
or  violet  mixture  either  of  a  1%  methylene  blue,  or  of  a  saturated 
solution  of  toluidin  blue,  in  normal  salt  3olution.  They  could  also  be 
seen  in  gold-chloride  preparations  when  the  lemon-juice  and  formic- 
acid  method  was  used.  These  so-called  ganglia  consist  of  groups  of 
from  3  to  7  round,  oval  or  pear-shaped  elements,  situated  at  the  place  of 
exit  of  each  dorsal  nerve  from  the  myoseptum,  or  near  the  proximal 
end  of  the  dorsal  or  ventral  ramus  where  it  gives  off  small  branches; 
in  addition  to  these,  similar,  though  smaller,  bodies  may  be  found  even 
as  distant  as  the  ventral  border  of  the  trunk  muscles.  These  struc- 
tures are  illustrated  in  Dogiel's  Figures  20,  21,  22a,  226,  22c,  22d,  and 
23. 

By  using  Dogiel's  methods  I  was  able  to  observe  these  structures  in 
methylene-blue  and  in  gold-chloride  preparations,  and  also  found  them 
in  specimens  fixed  in  weak  osmic  acid  and  stained  with  picro-carmine. 
They  appeared  not  only  at  the  places  indicated  by  Dogiel,  but  by 
using  strong  light  for  study  of  the  preparations,  they  were  found  at 
almost  any  point  in  the  course  of  the  dorsal  nerves.  In  methylene- 
blue  preparations  the  size  and  number  increased  with  the  length  of 
immersion.  These  bodies  were  of  varying  size,  in  some  cases  quite 
large,  while  by  using  the  higher  magnifications  on  portions  of  tissue 
mounted  imder  a  cover-glass,  similar  structures  of  minute  size  could 
be  seen  in  connection  with  the  smaller  nerve  branches.  Strong  hght 
revealed  great  munbers  of  these  structures  in  connection  with  the  nerves 
of  the  thicker  parts  of  the  body.  The  methods  mentioned  above 
always  cause  a  marked  enlargement  of  the  ampulla-like  dilation  at  the 
posterior  end  of  the  neural  tube,  and  a  general  increase  of  size  in  the 
tube  itself.  These  facts  led  to  doubts  as  to  the  reliability  of  such 
methods,  and  numerous  experiments  were  made  in  the  spring  of  1905 
to  determine  the  nature  of  these  bodies.  DogiePs  methylene-blue 
method,  employing  normal  salt  solution  instead  of  sea-water,  causes 
general  swelling  of  the  tissues,  and  in  some  cases  death  occurs,  followed 
by  certain  post-mortem  changes,  before  these  bodies  appear.  In 
material  "fixed"  in  weak  osmic  acid  and  stained  with  picro-carmine 
these  structures  were  frequently  present,  or,  if  not,  I  was  able  at  will 
to  make  them  appear  by  pressing  lightly  on  the  cover-glass  over  the 
mounted  specimen.     In  some  cases  the  pigment  of  the  neural  tube  had 
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passed  out  into  the  swellings  in  the  course  of  treatment  with  chemicals, 
or  upon  pressure,  and  contrasted  brilliantly  with  the  light  stain.  An 
excellent  illusion  was  sometimes  produced  by  the  presence  of  well 
stained  nuclei,  which  are  either  pushed  out  from  the  cord,  or  are 
sheath  nuclei.  The  weak  osmic  acid  has  little  effect  on  tissues  be- 
neath the  surface,  and  the  subsequent  washing  in  water  causes  actual 
maceration.  This  would  account  for  all  manner  of  artifacts.  The 
specimens  treated  according  to  the  gold-chloride  method  mentioned 
above,  show  general  distortion,  and  many  structures  are  so  displaced 
as  to  make  such  preparations  quite  unreliable  for  study.  These 
bodies,  if  present  in  methylene-blue  preparations,  will  persist  when 
the  preparations  are  preserved  in  the  mixture  of  glycerine  and  am- 
moniiun  picrate;  but  when  fixed  in  anmionium  molybdate  and 
dehydrated  they  usually  disappear.  Similar  structures  were  never 
found  in  well  preserved  and  sectioned  material.  There  seems,  there- 
fore, but  little  doubt  that  these  so-called  "ganglia"  are  artifacts. 
Since  writing  the  above  account,  Johnston's  ( :  05)  paper  was  noted, 
in  which  he  also  concludes  that  these  structures  are  of  artificial  forma- 
tion. Johnston  finds  a  small  proportion  of  the  ganglion  cells  of 
Amphioxus  in  the  nerve  cord,  and  the  remainder  in  the  dorsal  roots, 
located  as  far  as,  and  beyond,  the  place  of  division  into  dorsal  and 
ventral  rami. 

G,    Structure  of  the  Dorsal  Nerves. 

In  methylene-blue  preparations  of  the  dorsal  nerves,  darkly  stained 
fibers  can  often  be  traced  from  the  neural  tube,  or  place  of  exit  of  the 
nerve,  through  the  myoseptimi  to  the  ventral  border  of  the  lateral 
muscle.  These  fibers  are  more  or  less  separated  from  one  another, 
and  are  not  of  equal  size.  Usually  a  single  fiber  cannot  be  traced  for 
this  entire  distance.  Fibers  can  frequently  be  discerned  in  the  rami 
cutanei  ventrales  which  give  these  branches  a  darkly  colored  appear- 
ance. I  have  often  traced  one,  two  or  three  fibers  into  the  common 
basal  trunk  of  the  descending  and  ascending  visceral  branches,  but 
was  unable  to  trace  distinct  fibers  into  either  of  those  branches.  As 
has  been  noted,  however,  these  nerves  sometimes  present  a  fibrous 
appearance.  Figures  40  (PI.  7)  and  22  (PI.  5)  show  fibers  of  at  least 
t\^'o  sizes  entering  the  dorsal  nerve  roots,  the  smaller  fibers  being  by 
far  the  most  numerous.  This  agrees  with  the  observations  of  Johnston 
(:05).  The  different  structiu-al  appearance  of  the  visceral  nerves 
has  already  been  noted.     This  difference  is  particularly  e\ident  in 
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methylene-blue  preparations,  and  may  be  observed  in  all  branches  of 
dorsal  nerves  innervating  deep-lying  structures.  It  is  entirely  possi- 
ble that  structural  distinctions  will  be  established  between  the  visceral 
nerves  to  different  organs. 

H,     Sensory  Endings  of  Dorsal  Nerves. 

This  subject  has  long  attracted  investigators,  and  its  study  has 
brought  forth  a  great  variety  of  opinion  and  suggestion.  Quatrefages 
('45)  described  peripheral  nerves  ending  in  small  ovoid  bodies  (the 
corpuscles  of  Quatrefages),  which  he  suggested  represent  special 
mucous  organs.  Kowalewsky  ('67)  believed  that  the  sensory  nerves 
end  in  epithelial  cells.  Owsjannikow  ('68)  occasionally  saw  what 
appeared  to  be  a  nerve  fiber  connecting  with  a  cylindrical  epithelial 
cell.  He  also  noted  what  he  calls  a  nerve-net,  lying  in  the  deepest 
layer  of  the  skin,  a  region  well  supplied  with  connective  tissue.  Reich- 
ert  ('70)  describes  certain  cells  in  the  epitheKal  layer  of  the  skin, 
which  bear  a  spine-like  external  process.  He  designates  these  cells 
as  "thorn"  cells.  Langerhans  ('76)  found  no  branches  uniting  two 
dorsal  nerves,  or  any  exchange  of  fibers.  All  dorsal  nerves  branch 
in  simple  tree  fashion.  He  believes  that  nerve  plexuses  are  lacking 
in  all  parts  of  the  body,  except  at  the  mouth  border.  He  foimd  no 
vestige  of  a  fine  end  plexus  such  as  Marcusen  describes,  holding  that 
Marcusen  was  deceived  by  connective-tissue  fibrillae.  Langerhans 
describes  special  small  cells  lying  irregularly  between  the  cylindrical 
epithelial  cells  of  the  skin.  These  special  cells  have  a  small  body  and 
large  oval  nucleus;  they  lack  a  cuticula  (limiting  or  basement  mem- 
brane), and  often  possess  a  thread-like  process  at  the  internal  end. 
On  the  external  surface  each  cell  bears  a  long,  stiff  hair,  which  some- 
times has  a  thickened  base.  These  special  cells  are  particularly 
numerous  in  the  head  region,  but  may  be  found  on  all  parts  of  the 
body.  The  hairs  may  be  seen  on  living  animals,  but  never  show  mo- 
tion. The  finer  dermal  nerve  branches  pass  through  small  canals  in 
the  so-called  limiting  membrane  of  the  skin,  each  of  which  is  located 
where  two  small  fissures  in  the  membrane  cross  each  other,  usually 
at  right  angles.  After  a  short  sub-epithelial  course,  these  fibers  um'te 
with  hair-bearing  cells,  which  Langerhans  declares  to  be  the  endings 
of  the  cutaneous  nerves.  These  nerves  are  not  in  relation  with  the 
ordinary  epithelial  cells,  in  fact;  there  are  not  enough  ner\'e  branchlets 
to  permit  union  with  each  such  cell. 

Rohon  ('82)  states  that  the  greater  number  of  nerve  branchlets  run 
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out  into  the  cutis  and  end  in  tufts.  Fusari  ('89)  says  that  the  cutane- 
ous nerves  divide  into  fine  branches  immediately  beneath  the  cuticula 
(the  limiting  membrane  of  Langerhans),  and  that  anastomoses  are 
frequent  in  the  skin  of  the  ventral  region,  but  rare  on  the  sides  and 
dorsum.  The  branches  in  the  ventral  region  pass  into  fine  free-ending 
fibrillae,  or  before  ending  show  a  spindle-shaped,  nucleated  enlarge- 
ment. In  all  other  regions  (with  the  exception  of  the  mouth)  nerves, 
penetrating  the  cuticula,  appear  to  terminate  after  a  short  course  in 
free  endings,  though  they  can  be  traced  to  the  bases  of  epithelial  cells. 
Fusari  is  uncertain,  however,  whether  there  is  any  connection  between 
these  nerve  fibers  and  the  cells.  He  saw  the  sensory  cells  of  Langer- 
hans, and  though  inclined  to  his  views,  contends  that  a  connection 
with  the  nerves  is  not  demonstrated.  He  believes  that  the  description 
of  the  nerve-net  given  by  Marcusen  is  based  on  a  peritoneal  rather 
than  a  dermal  plexus.  Heymans  et  van  der  Stricht  ('98,  p.  33)  regard 
the  so-called  sense-cells  of  Langerhans  as  merely  compressed  and 
flattened  "cyclinder"  cells,  bearing  no  special  relation  to  the  nerves. 
These  authors  saw  branches  of  a  dorsal  nerve  form  among  themselves 
a  plexus  on  the  border  of  the  fins;  but  they  never  found  the  plexuses 
mentioned  by  Fusari  as  frequent  in  the  ventral  region.  According 
to  these  writers  the  nerve  fibers  ramify  under  the  cutaneous  epithelium, 
and  terminate  between,  and  perhaps  within,  ordinary  epithelial  cells. 
They  found  no  special  sense-organs  in  the  skin,  in  connection  with 
nerve  fibers. 

Retzius  ('98)  is  convinced  that  cutaneous  fibers  end  free  at  the 
bases  of  epidermal  cells.  He  saw  two  kinds  of  cells  in  the  epithelium, 
one  smaller  than  the  other,  but  neither  bore  a  thread-  or  spine-like 
process.  He  found  no  direct  connection  between  these  cells  and  nerve 
fibers,  nor  could  he  discover  any  true  peripheral  sense-cells  connected 
with  nerves.  Dogiel  ( :  02)  states  that  the  "  Nervi  cutanei  dorsales 
(laterales  et  ventrales) "  are  pure  sensory  branches  without  any  motor 
fibers.  These  gradually  divide  in  their  course  to  the  superficial  layers 
of  the  skin,  continually  giving  off  branches  of  various  lengths  and 
thicknesses,  which  anastomose  with  similar  neighboring  branchlets 
to  form  a  more  or  less  elaborate  plexus,  his  "Grundgeflecht."  This 
plexus  is  especially  plain,  he  says,  in  the  skin  of  the  ventral  region. 
His  further  description  is  as  follows:  The  branches  from  this  plexus 
ultimately  reach  the  homogeneous  layer  of  the  skin  immediately 
beneath  the  epithelium,  and  can  be  observed  in  good  preparations  to 
pass  through  small  canals  in  this  layer.  Each  then  divides  into  three 
or  four  or  more  fine  branchlets,  which  spread  out  radially.    These 
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branchlets,  which  lie  immediately  beneath  the  epithelium,  in  turn 
divide  repeatedly  in  this  region,  giving  off  fine,  varicose  threads, 
which  form  a  close-meshed  plexus.  This  is  designated  by  Dogiel 
as  the  "sub-epithelial  plexus."  From  this  plexus  fine  threadlets 
penetrate  between  the  epithelial  cells,  and  there  give  off  side  branchlets, 
which  twist  about  these  cells  and  end  between  them;  these  threads 
were  followed  almost  to  the  outer  surface  of  the  skin.  Dogiel  found 
such  endings  in  the  rostrum,  in  the  middle  region  of  the  body,  and  in 
the  tail.  But  in  addition  to  these  free  nerve  endings  in  the  epitheUum, 
Dogiel  also  saw  in  the  epithelium  what  he  regards  as  peripheral  nerve 
cells;  these  occur  in  the  rostrum,  the  tentacles,  and  the  "head" 
region.  He  believes  that  they  are  scattered  over  the  entire  skin  area. 
These  cells  have  a  spindle-shaped  body,  with  a  peripheral  and  a  central 
process,  and  a  large  nucleus,  nearly  filling  the  thick  part  of  the  cell. 
The  peripheral  process  is  a  short,  thick  cylinder  or  rod,  which  reaches 
close  to  the  outer  surface  of  the  epithelium,  and  its  end  is  either  blunt, 
or  somewhat  pointed,  but  it  never  extends  in  the  form  of  a  thread 
beyond  the  free  surface  of  the  skin.  The  central  process  runs  per- 
pendicularly or  obUquely  toward  the  interior,  and  could  occasionally 
be  seen  passing  through  the  homogeneous  layer  of  the  skin  and  uniting 
with  a  nerve  branchlet.  Dogiel's  Figur  28  presents  a  portion  of  the 
"sub-epithelial  plexus"  and  its  branches  in  the  ventral  region  of  the 
body,  in  connection  with  the  well-known  plexus  formed  from  branches 
of  the  rami  cutanei  ventrales.  His  figures  29  and  30  show  peripheral 
nerve  cells  in  the  skin  of  the  rostrum  and  head.  Dogiel  also  illustrates 
nerve-endings  in  the  tentacles  of  the  mouth. 

In  my  own  study  of  the  sensory  nerve  terminations  in  Amphioxus 
a  great  number  of  methods  were  employed,  including  methylene-blue 
impregnation,  the  methods  of  Golgi,  the  various  gold-chloride  methods, 
picro-carmine  staining,  and  sections  of  material  fixed  and  stained  in  a 
variety  of  ways.  As  has  been  noted,  the  extensive  arborescent 
appearance  of  the  cutaneous  branches  of  the  dorsal  nerves  may  be 
readily  observed  in  methylene-blue  preparations  studied  with  the  aid 
of  strong  light  (PI.  6,  Fig.  34;  PL  7,  Figs.  37,  39).  The  arrangement 
of  the  sensory  endings  must  depend  largely  on  the  distribution  of  the 
finer  terminal  nerve  branches.  The  extreme  readiness  with  which 
Amphioxus  reacts  to  tactile  stimuli  applied  to  any  part  of  the  body, 
indicates  a  rich  supply  of  cutaneous  nerves.  The  sensory  nerve 
branches  reaching  to  the  epithelial  layer  of  the  skin  are  most  readily 
followed  in  methylene-blue  preparations.  The  best  impregnations 
of  these  nerves  were  obtained  by  immersion  of  the  specimens  from  1} 
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to  If  hours.  The  subsequent  exposure  to  air  varied  from  15  to  40 
minutes.  The  specimens  were  fixed  in  ammonium  picrate  to  which  a 
little  osmic  acid  had  been  added,  or  in  ammonium  molybdate  and 
osmic  acid.  Direct  sunlight,  a  Welsbach  lamp,  or  a  Nernst  lamp  were 
used  in  studying  whole  specimens. 

The  distal  ends  of  the  finer  cutaneous  nerve  branchlets  are  often 
noticeably  directed  toward  the  exterior  (PI.  7,  Fig.  37).  By  focusing 
on  the  plane  in  which  the  exterior  ends  of  these  nerve  branchlets  lie, 
it  may  be  observed  that  the  surface  of  the  cuticula  is  broken  by 
numerous  small  clefts  crossing  each  other  either  at  right  angles,  or  in 
the  form  of  an  X.  By  focusing  downward  upon  a  dark  spot  at  the 
place  of  crossing,  it  can  be  determined  that  this  spot  is  the  end  of  a 
nerve  branchlet,  which  can  be  followed  to  its  place  of  union  with  one 
of  the  larger  branches.  These  numerous  small,  exteriorly  directed 
branchlets  for  the  most  part,  therefore,  penetrate  the  sub-epithelial 
so-called  cuticula  (better  basement  membrane)  through  the  small 
canals  first  described  by  Langerhans.  These  small  branchlets  are 
more  numerous  than  either  He^onans  et  van  der  Stricht  (^8),  or 
Dogiel  ( :  02)  have  figured.  They  were  not  always  evident,  and  it  was 
frequently  impossible  to  demonstrate  &  basement  membrane,  which 
seems  to  indicate  that  this  structure  sometimes  sloughs  off  with  the 
epithelium.  Figures  34  (PL  6)  and  39  (PI.  7),  which  show  these 
exteriorly  directed  small  branchlets  in  considerable  numbers,  also 
show  other  characteristic  cutaneous  nerve  branches.  I  refer  to  large 
branches,  lying  close  to  the  muscles,  which  may  be  noted  connecting 
the  branches  of  two  or  more  dorsal  nerves  in  their  course  over  the  side 
muscles  (see  also  PI.  6,  Fig.  36,  pi  and  PI.  7,  Fig.  38,  pi).  iBeside  these 
connecting  branches,  there  are,  \ying  at  a  higher  focus,  finer  plexuses, 
which  connect  the  small,  exteriorly  directed  branchlets.  These  finer 
plexuses  may  also  be  seen  in  Figiu*es  35,  p2  and  38,  pz.  In  methylene- 
blue  preparations  this  finer  plex-us  is  usually  the  most  superficial  nervous 
structure  visible.  The  branches  of  the  deeper  plexus  are  usually  of 
considerable  size,  and  fewer  in  number  than  those  of  the  more  exterior 
plexus,  and  their  meshes  are  larger  than  those  of  the  outer  plexus. 
As  has  been  noted,  the  deeper  plexus  lies  close  to  the  muscles,  and  its 
branches  may  even  run  beneath  other  large  branches  of  the  dorsal 
nerves.  This  plexus  between  the  ventral  rami  of  dorsal  nerv^es  was 
found  distributed  over  the  side  muscles  in  nearly  all  parts  of  the  body. 
The  finer  plexus  is  composed  of  slender  threads,  forming  close  meshes; 
it  was  found  in  the  regions  where  there  is  a  coarser  plexus,  and  also 
in  the  ventral  fin,  and  between  the  dorsal  rami  of  dorsal  nerves.     The 
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nerve  threads  in  either  plexus  always  appear  smooth,  showing  no 
swellings  of  any  kind.  Figure  34  (PI.  6)  shows  at  c  (near  the  upper 
margin  of  the  figure)  a  cell  which  is  apparently  associated  with  a 
fine  nerve  plexus. 

These  plexuses  were  found  in  nearly  all  specimens,  of  both  species, 
impregnated  in  the  manner  previously  described.  The  specimens 
retaining  considerable  epithelium  were  quite  unfavorable  for  study; 
on  the  other  hand,  with  the  sloughing  off  of  the  epithelium,  portions  of 
the  superficial  plexuses  were  imdoubtedly  lost.  A  record,  given  below, 
was  made  of  the  occurrence  of  these  plexuses,  indicating  the  species, 
the  side  of  the  body,  and  the  number  of  the  nerve  with  which  they  were 
associated.  In  nearly  every  case,  portions  of  both  the  coarser  and 
the  finer  plexus  were  present. 


Species. 

Side  of  Body. 

Number  of  Nerve. 

1. 

B. 

lanceolatum 

left 

IX 

2. 

(t 

(( 

right 

XI,  XII  >         ...... 

„       „    >-same  individual 

3. 

ft 

(t 

left 

XV,  XVI,  XVII 

4. 

(( 

(( 

right 

XXI,  XXII       ) 

XXVI,  XXVII  f^™^"'*'^ 

left 

5. 

(( 

(( 

right 

XXVII 

6. 

B. 

caribaeum 

<< 

XXIX,  XXX 

7. 

B. 

lanceolatum 

left 

XXXII 

8. 

it 

(( 

right 

XXXV,  XXXVI,  XXXVII 

9. 

B. 

caribaeum 

left 

«                      a                       {f 

10. 

B. 

lanceolatum 

(( 

XXXVII,  XXXVIII 

11. 

(t 

(( 

(1  • 

XLI,  XLII,  XLIII,  XLIV 

12. 

t( 

« 

it 

XLII,  XLIII,  XLIV 

13. 

t( 

n 

right 

XLVI,  XLVII,  XLVIII 

14. 

t( 

(t 

« 

LIV,  LV 

15. 

(( 

t( 

ti 

LIII,  LIV,  LV,  LVI,  LVII 

16. 

it 

ti 

tt 

LIV,  LV,  LVI 

It  is  evident  from  this  record,  that  these  plexuses  cannot  be  looked 
upon  as  localized  structures,  or  of  infrequent  occurrence.  The  record 
shows  no  plexuses  (those  of  the  mouth  border  are  not  included)  in  the 
rostrum,  buccal  region,  or  at  the  extreme  posterior  end  of  the  animal. 
This  may  be  due  to  lack  of  impregnation,  or  these  regions  may  show 
differences  in  this  respect.  Figures  34,  35,  36  (PI.  6)  and  38,  39,  41 
(PI.  7)  present  the  first  published  views  of  such  cutaneous  plexuses 
distributed  over  the  side  muscles,  either  in  situ  or  otherwise. 
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The  plexuses  shown  in  Figures  34, 38,  and  41  —  formed  by  the  break- 
ing up,  for  a  short  distance,  of  the  main  stem  of  the  ventral  ramus  of  a 
dorsal  nerve  into  a  number  of  anastomosing  branches, —  are  of  fre- 
quent occurrence,  but  do  not  appear  to  have  been  noted  by  earlier 
authors.  Such  plexuses  may  have  a  morphological  significance,  or 
they  may  be  pathological,  the  residt  of  injury  or  disease.  A  simpler 
form  of  division  of  the  ventral  ramus  is  often  present,  in  which  the 
main  stem  di\ides  into  two  branches  of  nearly  equal  size,  which  unite 
again  after  a  short  course.  These  modifications  in  the  ventral  ramus 
often  serve  to  attract  attention  to  fine  plexuses  in  connection  with 
them.     "Rami  communicantes *'  were  often  noted  in  both  species. 

In  the  figures  showing  plexuses  between  the  dorsal  nerves,  branches 
may  often  be  noted,  in  connection  with  at  least  the  coarser  plexus, 
which  penetrate  the  myosepta  toward  the  interior  of  the  muscle 
(a.  Figs.  34,  36,  PI.  6).     The  destination  of  these  branches  is  uncertain. 

The  absence,  in  methylene-blue  preparations,  of  any  great  niunber 
of  branches  arising  from  the  finer  plexuses,  is  of  interest.  It  may, 
perhaps,  be  accounted  for  by  the  fact  that  such  thick  preparations 
are  not  favorable  for  disclosing  fine  threadlets;  higher  magnifications 
of  course  cannot  be  used.  Gold-chloride  preparations  of  the  skin  were 
made  to  supplement  those  on  which  are  based  the  foregoing  account 
of  terminal  branches.  The  method  of  Ranvier  was  used,  also  that  of 
Hardesty,  in  which  impregnation  with  gold  chloride  follows  fixation 
with  10%  formol.  The  latter  method  gives  accurate  fixation  as  a 
rule,  and  the  finer  cutaneous  nerve  branches  often  adhere  to  the  skin, 
when  it  is  stripped  off,  instead  of  remaining  attached  to  the  muscles. 
Such  preparations  can  be  studied  with  the  aid  of  the  higher  magnifica- 
tions; but  the  epithelial  cells  always  obscure  the  nerves  more  than  is 
desirable.  Figure  24  (PI.  5)  is  drawn  from  a  gold-chloride  preparation 
of  material  fixed  in  formol.  This  figiu-e  shows  the  internal  surface  of 
skin  stripped  from  the  dorsal  fin  toward  the  posterior  end  of  the  animal. 
A  few  epithelial  cells  are  outlined  (at  e)  to  show  their  relative  size, 
and  special  cells,  to  be  described  later,  are  indicated  at  g  (upper  part 
of  figiu^).  The  fine  threads  apparently  running  out  from  the  larger 
nerve  branch  are  the  most  delicate  threads  so  far  noted  in  connection 
with  the  cutaneous  branches  of  dorsal  ner\'es;  and  the  star-like  places 
of  anstomosis  (s)  of  these  threads  remind  one  of  those  described  by 
Dogiel.  Apparent  cells  or  nuclei  (c)  may  be  noted  in  connection  with 
these  threads,  as  the  latter  run  to  the  special  cells  (indicated  at  g) 
situated  between  the  epithelial  cells  of  the  skin.  Unfortunately, 
however,  connective-tissue  threads  stain  very  well  with  gold  chloride, 
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and  therefore  may  lead  to  much  confusion.  In  the  ventral  region, 
where  the  tissues  are  transparent,  connective-tissue  threads  may  be 
readily  discerned  in  gold-chloride  preparations,  weaving  about  the 
nerves,  and  running  out  from  them  in  various  directions  hke  guy- 
ropes.  These  threads  thus  furnish  an  excellent  pitfall  for  the  observer. 
Where  exceedingly  fine  nerve  branchlets  and  connective-tissue  threads 
are  associated  with  each  other,  one  may  well  hesitate  to  decide  be- 
tween them.  The  bodies  (c)  connected  with  the  fine  threadlets  shown 
in  Figure  24,  all  lie  in  the  same  plane  with  the  threadlets,  whereas  the 
epithelial  cells  and  special  cells  (g)  are  more  superficial,  being  inmie- 
diately  exterior  to  these  threadlets.  The  latter  may  be  terminal  nerve 
branches,  interweaving  at  the  bases  of  the  epithelial  cells,  and  sending 
branches  between  them,  but  evidence  furnished  by  some  other  method 
is  needed  for  corroboration.  If  these  threadlets  are  nerves,  they  are 
probably  connected  with  the  finer  plexus  noted  in  methylene-blue 
preparations. 

The  special  cells  (g)  pre\aously  mentioned  are  shown  in  Figure  42 
(PI.  7)  under  greater  magm'fication.  This  figure  illustrates  the  exter- 
nal surface  of  skin  overlying  the  side  muscles  near  the  dorsal  fin. 
This  preparation  was  impregnated  with  gold  chloride  after  Ranvier's 
method.  In  preparations  of  this  kind  the  ordinary  epithelial  cells 
are  light  purple  in  color,  while  certain  differentiated  cells  lying  be- 
tween them  appear  red,  are  somewhat  smaller,  and  are  oval  or  circular 
on  their  external  faces  instead  of  polygonal.  One  or  two  slightly 
modified  epithelial  cells  (s)  are  usually  associated  with  each  special 
cell.  These  accompanying  cells  assume  a  darker  purple  color  than  the 
ordinary  epithelial  cells.  The  special  cells  (g)  and  the  modified 
epitheUal  cells  (s)  were  both  present  in  certain  methylene-blue  prepa- 
rations, distributed  in  the  rostrum  and  anterior  portion  of  the  body  as 
far  as  nerve  XVI.  Unfortunately,  favorable  preparations  of  the  skin 
of  more  posterior  portions  of  the  body  were  lacking.  In  these  methy- 
lene-blue preparations  the  special  cells  assume  a  dark  blue  color, 
while  the  modified  epithelial  cells  are  only  slightly  darker  colored  than 
the  ordinary  epithelial  cells,  and  present  a  granular  appearance. 

Changes  in  focus  show  that  the  diameter  of  these  special  cells  is 
slightly  less  at  the  surface  than  at  a  short  distance  toward  the  interior. 
The  most  striking  feature,  however,  of  these  cells  is  a  rather  long, 
stiff  hair-Uke  structure  attached  to  the  outer  surface  of  each  cell. 
In  gold-chloride  preparations  this  hair-like  structure  is  colored  black, 
or  a  very  dark  purple.  In  methylene-blue  impregnations- it  appears 
dark  blue.     As  shown  in  Figure  42  (PI.  7),  this  "hair"  is  thicker  at  its 
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distal  than  at  its  proximal  end,  and  often  bears  a  knob-like  termination. 
Two  apparent  points  of  attachment  to  the  cell  are  frequently  \Tsible; 
one  of  these  occurs  at  almost  any  point  on  the  outer  surface  of  the  cell, 
while  the  other  is  at  one  side  of  the  cell,  or  perhaps  between  two  cells. 
While  these  special  cells  may  possibly  correspond  to  the  "thorn**  cells 
(Stachelzellen)  noted  by  Reichert  ('70,  p.  756),  this  stiff  hair  is  much 
too  long  for  such  a  comparison,  nor  does  it  resemble  a  spine,  because 
of  its  thickened  distal  end;  neither  does  it  resemble  any  terminal 
nervous  structure.  One  interesting  feature  is  the  varying  length  of 
such  "hairs,"  and  their  absence  from  many  of  the  special  cells.  The 
"hairs"  were  nearly  always  comparatively  short  in  methylene-blue 
preparations.  I  suggest  that  these  special  cells  may  be  gland  cells, 
and  that  the  "hairs"  are  hardened  exudations  adhering  to  the  outer 
surface.  Glands  certainly  exist  in  the  skin  of  Amphioxus,  and  probably 
receive  a  nerve  supply  from  the  cutaneous  plexuses.  Attempts  were 
made  on  hardened  material  to  color  the  "hairs"  with  special  stains 
for  glands,  but  none  of  the  material  was  properly  fixed  to  make  such 
tests  of  value.  If  these  pecidiar  cells  are  gland  cells,  it  is  still  uncer- 
tain whether  sensory  cells  are  present  in  the  epithelium  of  all  parts  of 
the  body. 

Sensory  cells  are  clearly  present  in  the  tentacles,  and  on  the  mouth 
border,  as  described  by  Dogiel  (:02,  p.  192-195;  Fig.  10,  31,  32). 
These  cells  impregnated  successfully  in  certain  of  my  methylene-blue 
preparations,  and  nerve  fibers  could  be  traced  in  the  tentacles  to  the 
region  of  these  cells.  I  was  unable,  however,  to  determine  absolutely 
the  connection  beti^een  the  two  which  in  all  probability  exists  in  the 
form  already  shown  by  Dogiel.  The  long  distal  process  of  the  end- 
cells  in  the  papillae  of  the  tentacles,  figured  by  Dogiel  was  clearly 
evident  in  my  preparations. 


Ventral  Nerves. 

Owsjannikow  ('68)  describes  nerve  roots  arising  from  the  spinal 
cord  at  different  levels.  Although  Stieda  ('73)  thought  it  probable 
that  this  author  saw  ventral  nerve  roots,  he  himself  was  the  first  to 
describe  the  ventral  roots  clearly;  he  notes  that  they  do  not  lie  in  the 
cross-section  plane  of  the  dorsal  roots,  and  he  found  no  actual  union 
between  them  and  the  dorsal  roots.  Langerhans  ('76)  saw  only 
dorsal  rootg,  and  regarded  them  as  carrying  motor  fibers.  Schneider 
('79)  described  each  ventral  nerve  root  as  arising  by  several  processes 
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(each  leaving  the  nerve  cord  by  a  separate  orifice),  which  unite  into 
a  flat  bundle;   this  soon  spreads  out,  a  small  portion  going  dorsad, 
and  a  larger  part  ventrad.    When  the  fibers  reach  the  muscle  layer 
they  bend  posteriorly  and  coalesce  with  the  free  margin  of  the  muscle- 
plate.     As  the  fibers  approach  the  border  of  the  muscle-plate,  they 
become  cross-striated.     Schneider  proposed  the  theory  that  the  real 
motor  nerves  extend  outward  only  as  far  as  the  sheath  of  the  spinal 
cord,  and  that  each  muscle-plate  sends  a  process  to  the  spinal  cord 
and  receives  its  innervation  there.     Balfour  ('80)  denies  the  presence 
of  motor  roots.     Rohon  ('82,  p.  14,  54)  states  that  the  ventral  roots 
arise  from  multipolar  ganglion  cells,  in  part  pigmented,  which  he  on 
both  sides  of,  and  in  part  ventral  to,  the  central  canal  of  the  cord. 
He  finds  no  morphological  relation  between  dorsal  and  ventral  roots 
outside  the  spinal  cord  and  is  entirely  in  the  dark  as  to  how  the  motor 
nerves  end.     Rohde  (*88)  thinks,  with  Schneider,  that  the  motor 
fibers  are  probably  in  part  direct  processes  of  the  muscle  fibrillae;  but 
he  is  uncertain  whether  there  is  a  direct  connection  between  the  motor 
fibers  and  the  nerve  elements  of  the  neural  tube.     Fibers  in  the  ventral 
roots  were  followed  centripetally  to  a  delicate  membrane  on  the  inner 
side  of  the  corda  sheath,  where  they  were  believed  to  divide  into 
very  fine  fibers,  which,  however,  could  not  be  traced  in  the  spinal  cord. 
Fusari   (*89)  finds,  as  did  Schneider  and  Rohde,  most  of  the  ventral- 
root  fibers  cross-striated;   but  some  of  them  are  not  striated,  exhibit 
enlargements,  and  stftin  black  by  the  Golgi  method.     Retzius  (*91) 
notes  in  each  ventral  root  an  anterior  division  composed  only  of 
varicose  fibers,  and  a  posterior,  somewhat  smaller  division  carrying 
fibers  mostly  vnthout  varicosities.     Each  fiber  of  the  posterior  por- 
tion bears  an  oval  body  a  short  distance  after  its  exit  from  the  spinal 
cord.     Retzius  is  unable  to  decide  whether  these  are  sheath  nuclei, 
or  of  some  other  nature.     Toward  the  spinal  cord  motor  nerve  fibers 
were  followed  singly  into  the  outer  layer  of  the  cord,  where  they  enter 
a  low,  granular  mound;    but  beyond  this  they  cannot  be  followed. 
In  these  mounds  the  fibers  often  bend  in  hook-fashion.     Retzius  thinks 
that  the  connection  of  motor  fibers  with  central  ganglion  cells,  which 
he  does  not  doubt,  cannot  be  very  direct.     Fibers  occasionally  divide 
dichotomously,  but  there  are  no  special  nerve  endings.     Especially 
characteristic  of   these   fibers   is   their   varicose-granular  condition. 
Owing  to  the  abundance  and  transverse  elongation  of  the  granules, 
they  give  a  cross-striated  appearance  to  the  fibers,  probably  the  cause 
of  Schneider's  erroneous  views,  for  these  are  true  nerve  fibers,  and  not 
of  muscular  nature.     He  is  inclined  to  accept  Rohde's  suggestion  that 
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Dogiel  ( :  02)  impregnated  motor  fibers  and  end-plates  with  methy- 
lene blue.  He  finds  that  the  typical  motor  nerve  ending  is  not  a 
plate,  but  a  flattened  cone,  the  basal  surface  of  which  lies  on  the 
surface  of  a  muscle  plate.  The  cones  appear  larger  in  Golgi  prepara- 
tions than  in  those  impregnated  with  methylene-blue,  because  in  the 
former  case  silver  is  deposited  to  some  extent  in  the  muscle  as  well  as 
in  the  nerve.  Dogiel  finds  motor  fibers  penetrating  (cen  tripe  tally) 
the  ventral  part  of  the  nerve  cord  in  more  or  less  thick  bundles. 
These  fibers  arch  backward,  and  can  be  followed  for  some  distance. 
Certain  fibers  bend  downward  under  the  central  canal,  either  from 
right  to  left,  or  vice  versa,  and  so  constitute  a  kind  of  commissural 
fiber.  Dogiel  could  not  follow  fibers  to  cells,  but  states  that  they  do 
not  divide  into  fine  threads,  nor  form  a  net  on  entering  the  nerve  cord. 
Although  he  says  that  few  varicosities  are  present  in  methylene-blue 
preparations,  his  P'igures  43,  44a,  and  446,  show  frequent  swellings 
in  the  motor  nerve  fibers.  Repeated  branchings  of  the  motor  fibers 
in  their  course  toward  the  periphery  are  seen  in  his  Figure  41. 

In  my  own  study  the  most  successful  impregnations  of  motor  fibers 
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were  obtained  by  use  of  the  rapid  methods  of  Golgi,  and  by  treatment 
with  gold  chloride  after  fixation  with  10%  formol.  The  methods  of 
Golgi  and  their  modifications  have  produced  such  varying  results  in 
the  appearance  of  nerve  fibers  in  vertebrates  generally,  that  a  great 
number  of  variations  in  length  of  time,  temperature,  etc.,  were  em- 
ployed in  order  to  test,  if  possible,  the  reliability  of  the  impregnations 
obtained.  Several  hundred  specimens  were  subjected  to  these  various 
modifications  of  the  methods  of  Golgi,  and  enough  specimens  have 
been  sectioned  and  examined  to  establish  some  definite  facts.  In 
general  it  was  found  that  all  animals  must  be  cut  into  two  or  more 
pieces,  depending  on  their  size;  since  whole  specimens,  beside  im- 
pregnating unsatisfactorily,  usually  show  numerous  artifacts.  It  is 
absolutely  essential  that  the  fluids  employed  be  used  in  large  quanti- 
ties, and  slight  warmth  was  found  advantageous  in  bringing  about 
impregnation.  A  liberal  amount  of  the  silver  nitrate  should  be  used 
and  changed  at  least  once.  The  rapid  methods  were  by  far  the  most 
satisfactory,  as  shown  by  the  greater  number  of  fibers  impregnated, 
and  the  freedom  from  artifacts.  Dogiel  states  that  varicosities  in 
the  motor  fibers  are  constantly  present  in  Golgi  preparations.  The 
accompanying  figures  (PI.  6,  Figs.  25-29;  PI.  8,  Figs.  43-50)  show  that 
such  b  not  the  case.  The  difficulty  in  securing  impregnations  of 
motor  fibers  after  they  enter  the  neural  tube  suggests  that  their 
chemical  composition  may  differ  in  that  region.  Modifications  in 
the  methods  employed  may  hereafter  bring  results  in  this  case,  as  in 
others. 

The  impregnations  with  gold  chloride  after  fixation  with  10% 
formol  are  comparatively  free  from  distortion  and  artifacts,  and  are 
probably  reliable  as  a  basis  for  comparison.  The  impregnation  of 
motor  fibers  and  endings  is  somewhat  uncertain  with  this  method, 
but  when  successful  the  preparations  are  very  satisfactory.  The 
nerve  fibers  are  not  strikingly  differentiated,  but  are  favorable  for 
study  on  account  of  their  accurate  fixation.  These  preparations 
show  a  tendency  to  fade  after  a  considerable  length  of  time.  I  did  not 
succeed  by  this  method  in  impregnating  fibers  distinctly  as  they  enter 
the  neural  tube,  but  variations  in  the  method  may  produce  better 
results. 

Strong  light  was  particularly  useful  in  studving  the  thick  sections 
necessary  for  tracing  the  nerve  fibers.  The  shrinkage  in  the  surround- 
ing tissues  often  causes  wrinkling  in  fibers  impregnated  by  the  Golgi 
method  (PI.  8,  Figs.  46,  47).  These  fibers  also  show  a  tendency  to 
break,  but  the  artificial  nature  of  such  breaks  is  usually  evident. 
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The  ventral  nerves  were  studied  in  both  species  of  Branchiostoma, 
and  no  differences  were  found  which  could  not  be  readily  explained  by 
the  uncertainty  of  the  methods  employed.  The  nerve  fibers  of  the 
ventral  nerves  show  such  uniform  smoothness  in  good  preparations 
that  it  seems  doubtful  if  any  actual  "varicosities"  exist.  The  num- 
erous smooth  fibers  illustrated  in  Figures  28,  29  (PI.  6),  and  46  (PI.  8), 
and  the  uniform  smoothness  of  fibers  impregnated  with  gold  chloride, 
certainly  give  grounds  for  such  a  conclusion.  The  small  swellings 
sometimes  present  in  my  Golgi  preparations  are  of  irregular  occurrence, 
and  are  usually  found  in  whole  specimens,  or  those  impregnated 
according  to  the  slow  methods.  It  is  true  that  occasionally  structures 
resembling  bipolar  ganglion  cells  (PI.  8,  Fig.  50)  are  to  be  found  toward 
the  proximal  ends  of  fibers  in  the  ventral  nerv^es,  but  one  hesitates 
to  regard  these  structures  as  cells  when  their  presence  here  would 
indicate  a  marked  variation  from  the  typical  condition.  In  Figure 
50  an  apparent  nucleus  is  present  in  the  cell-like  body  attached  to 
the  nerve  fiber;  but  every  investigator  who  has  used  the  methods  of 
Golgi  knows  what  bewildering  artifacts  can  be  produced. 

According  to  my  preparations  the  motor  fibers  of  Amphioxus  leave 
the  inner  border  of  the  spinal  cord  sheath  (Fig.  25,  PI.  6)  as  rather 
slender,  smooth  fibers,  apparently  differing  somewhat  in  size.  These 
fibers  are  often  curved  or  wrinkled  in  the  sheath,  and  frequently  bend 
sharply  as  they  leave  the  covering  of  the  neural  tube.  They  are 
continued  to  the  muscle  border  (Figs.  25,  26)  as  comparatively  smooth 
threads,  changing  little  in  caliber.  The  spreading  out  of  the  ventral 
nerves  has  been  described  so  often  that  it  need  not  be  taken  up  here. 
Upon  reaching  the  side  muscles  certain  motor  fibers  increase  in  size, 
while  others  do  not  change,  depending  apparently  on  their  distance 
from  the  muscle  fibers  which  they  innervate.  As  a  fiber  approaches 
its  distal  end,  it  gradually  thickens,  and  finally  ends  with  the  peculiar 
plate-  or  cone-like  structure,  first  noted  by  Heymans  et  van  der 
Stricht  ('98).  In  contrast  to  the  observations  of  Dogiel  (:02), 
little  branching  is  evident  in  the  course  of  these  fibers.  Figures  28, 
29  (PL  6)  and  46  (PI.  8),  which  show  a  large  number  of  motor  fibers, 
do  not  reveal  branching.  In  Figures  28  (PI.  6)  and  43  (PI.  8)  single 
fibers  may  be  traced  from  near  the  internal  border  of  the  muscles  to  a 
short  distance  from  its  exterior  border  and  in  one  case  (Fig.  43)  to  the 
termination  of  the  fiber.  These  long,  single  fibers  are  significantly 
frequent  in  various  parts  of  the  myotome.  Branching  certainly 
occurs  (PL  8,  Figs.  48,  49),  but  my  preparations  do  not  reveal  the 
extensive  division  in  the  region  of  the  muscles  described  by  Dogiel. 
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It  may  be  noted  in  this  connection  that  a  greater  number  of  nerve 
fibers  are  impregnated  in  the  region  of  the  muscles  than  in  the  neigh- 
borhood of  the  neiural  tube.  This  might  be  due  to  any  one  of  several 
conditions;  e.  g.,  a  fiber  may  change  in  character  before  it  reaches 
the  neural  tube,  thus  presenting  for  impregnation  different  conditions 
in  its  two  parts;  or  branching  may  take  place  more  freely  than  my 
specimens  indicate.  Perhaps  the  mechanical  tension  on  the  nerves, 
between  their  exit  from  the  neural  tube  and  the  nearest  point  of  the 
muscle,  due  to  the  action  of  reagents,  may  destroy,  or  render  unsuita- 
ble for  impregnation,  that  part  of  the  nerve. 

The  motor  endings  shown  in  Figures  27, 28  (PI.  6)  and  43-45  (PI.  8) 
are  probably  fairly  typical.  They  agree  in  size  and  form  with  those  in 
gold-chloride  preparations,  and  the  surrounding  muscle  does  not  show 
the  deposit  of  silver  sometimes  evident  in  material  impregnated  by 
the  Golgi  method.  These  endings  were  foimd  in  nearly  all  portions 
of  the  side  muscles  except  the  region  adjoining  the  skin.  They  are 
present  in  considerable  numbers  a  short  distance  from  the  exterior. 
Many  endings  were  found  dorsal  to  the  neiural  tube,  not  far  from  the 
dorsal  fin.  I  was  unable  to  trace  motor  fibers  into  the  neural  tube 
beyond  its  sheath.  No  preparations  of  any  kind  showed  motor  fibers 
continuing  in  the  neural  tube  in  the  manner  figured  by  Dogiel  in  his 
Figur  45.  In  certain  preparations,  not  cut  in  a  true  frontal  plane, 
fibers  appeared  to  end  some  distance  inside  the  sheath  of  the  neural 
tube,  but  on  further  study  this  proved  to  be  an  illusion,  caused  by  the 
direction  of  the  section.  .  I  am  inclined  to  beUeve  that  the  true  course 
of  motor  fibers  in  the  neural  tube  is  as  yet  undiscovered. 
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PLATE  2. 

All  figures  are  from  methylene-blue  preparations. 

Figure  5.  Branchiostoma  caribaeum.  Nerves  of  the  right  side  of  the  ros- 
trum. The  epithelium  of  the  skin  is  not  present.  Numerous 
cells  of  Quatrefages,  Q,  Q,  are  shown.     X  92. 

Figure  6.  B.  caribaeum.  Anterior  dorsal  portion  of  a  transparent  specimen, 
showing  the  exit  of  the  antenor  dorsal  nerves  from  the  neural 
tube  on  the  right  side  of  the  body.  The  branches  of  the  dorsal 
rami  of  these  nerves  are  drawn.  Nerve  II  shows  two  roots. 
The  places  of  division  of  these  nerves  into  dorsal  and  ventral 
rami  are  also  shown.     X  32. 

Figure  7.  B.  caribaeum.  The  main  branches  of  the  dorsal  nerves  of  the 
buccal  region,  on  the  left  side  of  the  body.  The  branches  r,  r, 
pass  to  tne  right  side  of  the  body;  o,  a,  indicate  places  of 
anastomosis.  The  branches  o,  o,  form  part  of  the  outer  mouth 
plexus;  those  marked  i,  i,  form  part  of  the  inner  mouth  plexus; 
V.  band  nerve  of  velum.     X  34. 

Figure  8.  B.  lanceolatum.  Anterior  is  up.  The  innervation  of  the  velum. 
The  epithelium  of  the  velum  is  not  present.  The  velar  tenta- 
cles are  indicated  by  <S  t^;  a,  a,  jx)int  where  one  velar  nerve 
band  was  cut;  6,  6,  similar  point  in  another  cut  nerve  band; 
6',  the  cut  nerve  b  near  the  point  where  it  diverges  from  S, 
For  nerves  o,  ^9,  7,  5  see  text  p.  590.     X  41. 

Figure  9.  B.  lanceolatum.  Anterior  is  up.  A  portion  of  the  velar  plexus, 
and  the  nerves  of  two  velar  tentacles;  c,  c,  cells  in  the  epithelial 
covering  remaining  attached  to  the  nerves.  Cells,  or  nuclei, 
in  connection  with  the  velar  plexus  are  shown  at  n,  n.     X  123. 

Figure  10.  B.  lanceolatum.  A  portion  of  the  fine  plexus  of  a  gonadial 
pouch.     X  343. 
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PLATE  8. 

All  figures  are  from  methylene-blue  preparations. 

FiQUBB  11.  Branchiostoma  lanceolatum.  The  first  and  second  (second  and 
third  of  Hatschek)  myomeres, mi,  and mtt  and  the  proximal  por- 
tions of  nerves  I,  II  and  III,  of  the  right  side.  Nerve  II  shows 
two  roots  and  perhaps  a  third  (between  II  and  Ui).     X  84. 

Figure  12.  B.  lanceolatmn.  The  first  and  second  myomeres,  mi  and  ms, 
and  the  proximal  portions  of  nerves  I,  II  and  III,  of  the  left 
side.  Nerve  II  shows  two  roots  (II  and  IIi);  o.  olfactory 
pit.     X  84. 

Figure  13.  B.  lanceoJatum.  The  visceral  rami  of  a  dorsal  nerve,  viewed 
from  the  interior.  The  branches  supplying  a  gonadial  pouch 
{bra.  gon.)  are  shown.  The  larger  meshes  of  the  plexus  on 
the  interior  (median)  surface  of  this  pouch  are  drawn.  The 
place  of  emergence  of  the  visceral  ramus  on  the  internal 
surface  of  the  side  muscles  is  indicated  at  a.  The  branches 
i,  i,  from  ramus  visceralis  descendens  pass  to  the  gonadial 
pouch.  The  ventral  muscle  border  is  indicated  at  m.  v.  X 
123. 
-  Figure  14.  B.  lanceolatum.  A  nerve  plexus  on  a  secondary  branchial  bar, 
not  far  from  the  ligamentimi  denticulatum,  viewed  from  the 
external  (lateral)  surface  of  the  branchial  basket.  Branchial 
nerves  of  the  anterior  part  of  the  animal.     X  254. 
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PLATE  4. 

All  figures,  except  15a,  from  methylene-blue  preparations. 

Figure  15.  Branchiostoma  lanceolatum.  The  fan-like  branches  of  an 
ascending  visceral  ramus  of  a  dorsal  nerve,  viewed  from  the 
interior.  The  visceral  ramus  reaches  the  internal  siuface  of 
the  side  muscles  at  a.  The  branches  at  c  and  d  anastomose 
with  those  of  adjoining  ascending  visceral  rami.  The  branch 
at  e  bends  toward  the  exterior.  The  branches  at  b  are  bent 
away  from  the  muscle,  i.  e.  toward  the  median  plane  of  the 
animal.     X  93. 

Figure  15a.  Diagram  of  part  of  a  cross  section  of  an  Amphioxus,  to  show  the 
course  of  a  dorsal  nerve  and  its  branches. 

Figure  16.  B.  lanceolatum.  View  of  the  inner  (median,  or  atrial)  face  of 
the  lateral  muscles  of  right  side  (lower  half  of  figure),  and  of 
outer  (atrial)  surface  of  the  branchial  wall  (p.  w.),  cut  ventrally 
and  turned  up  (the  upper  half  of  figure).  To  show  branches 
of  an  ascending  visceral  ramus  passmg  to  the  pharynx.  Por- 
tions of  the  ligamentum  denticulatmn  are  marked  I.  d.  The 
plexus  formed  by  the  fan-like  branches  of  an  ascending  vis- 
ceral ramus  is  also  shown.     X  84. 

Figure  17.  B.  lanceolatum.  Similar  view  to  that  of  Figure  16.  Nerves 
entering  the  pharynx  from  the  ligamentum  denticulatum, 
and  a  portion  of  the  plexus  of  the  latter  structure.  The 
plexus  in  the  *'  pocket "  portions  of  the  ligament  is  shown  at  pi. 
d.  The  plexus  of  a  pnmary  branchial  bar  is  marked  b.  p.  1, 
and  that  of  a  secondary  bar,  6.  p.  2,     X  177. 

Figure  18.  Branchiostoma  caribaeum.  Anterior  is  up.  A  part  of  the  outer 
plexus  of  the  mouth  border,  on  the  right  side  ot  the  body.  X  93. 

Figure  19.  B.  lanceolatum.  Plexuses  on  a  primary  bar,  a  secondary'  bar, 
and  a  cross-bar  of  the  pharynx,  with  nerve  cells,  c,  c,  in  con- 
nection. This  is  a  view  of  the  exterior  surface  of  a  part  of 
the  pharynx  which  is  near  its  ventral  surface  and  near  the 
anterior  end  of  the  body  on  the  right  side;  o,  and  6,  have  the 
same  meaning  as  in  the  following  figure.     X  254. 

Figure  20.  B.  lanceolatum.  A  view  of  the  dorsal  border  of  a  portion  of  the 
left  side  of  the  pharvnx  from  the  interior  of  the  latter,  showing 
a  nerve  plexus.  The  primary  bars  are  marked  a,  a,  and  the 
secondary  bar,  b.     X  254. 

Figure  21.  B.  lanceolatum.  A  nerve  cell  on  the  external  side  of  a  secondary 
bar  of  the  pharynx.  The  view  is  from  the  right  side  of  the 
latter,  near  the  anterior  end  of  the  body.     X  700. 
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PLATE  6. 

Figure  24  from  gold-choride  preparation;  all  others  from  Golgi  preparations. 

FiQXTRE  22.  Branchiostoma  caribaeum.  Transverse  section.  Nerve  fibers 
entering  a  dorsal  root,  in  the  middle  region  of  the  animal. 
X238. 

Figure  23.  B.  caribaeum.  Anterior  at  the  2^/ (f).  A  frontal  section.  Nerves 
in  the  transverse  muscles*  toward  the  anterior  end  of  the  body, 
on  the  right  side.     X  238. 

Figure  24.  B.  caribaeum.  A  view  of  the  inner  surface  of  skin  stripped  from 
the  dorsal  fin  in  the  region  of  the  20th  myomere  from  the 
posterior  end  of  the  animal,,  showing  fibers  and  other  struc- 
tures in  connection  with  a  branch  of  the  dorsal  ramus  of  a 
dorsal  nerve.  Ordinanr  epithelial  cells  are  outlined  at  e. 
Special  cells  in  the  epithelial  layer  are  marked  g,  and  certain 
cell-like  structures  in  connection  with  fibers  are  shown  at  c,  c. 
A  star-like  place  of  union  of  fibers  i»  indicated  at  «.  The 
bases  of  the  epithelial  ceUs  lie  just  exterior  to  the  fibers  drawn. 
X410. 

Figure  25.  B.  lanceolatum.  Dorsal  aspect  of  frontal  section  through  the 
7th  myomere  of  the  right  side  showing  a  portion  of  the  corre- 
spondmg  ventral  nerve  root.     X  203. 

Figure  26.  B.  lanceolatum.  Dorsal  aspect  of  frontal  section,  next  ventral 
to  the  preceding  one,  showing  a  more  ventral  portion  of  the 
same  nerve.     X  203. 

Figure  27.  B.  lanceolatum.  Frontal  section  at  the  level  of  the  dorsal 
margin  of  the  notochord,  directly  ventral  to  the  neural  tube. 
The  myomere  of  the  figure  is  slightly  posterior  to  the  middle 
of  the  specimen,  on  the  rigjit  side.  Smooth  motor  fibers  are 
shown,  and  a  closely  associated  group  of  end-plates  situated 
in  the  side  muscles,  near  the  posterior  myoseptum.     X  141. 

Figure  28.  B.  lanceolatimi.  Frontal  section  through  the  middle  of  the 
notochord,  showing  long  motor  fibers  and  end-plates  in  the 
side  muscles.  These  muscles  are  posterior  to  the  middle 
region  of  the  body.     X  141. 

Figure  29.  B.  lanceolatimi.  Dorsal  aspect  of  frontal  section,  showing 
motor  fibers  in  the  side  muscles  of  the  18th  myomere  of  the 
right  side,  in  the  region  of  the  neural  tube  just  ventral  to  the 
place  of  exit  of  the  dorsal  nerve  roots.  The  section  is  about 
46  micra  in  thickness.     X  99. 

Figure  30.  Branchiostoma  caribaeum.  A  nerve  cell  in  the  ventral  part  of 
the  pharynx,  in  connection  with  the  nerve  plexus  of  that 
region.  The  cell  lies  on  the  exterior  of  an  endostylar  plate. 
X226. 
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PLATE  6. 

All  figures  are  from  methylene-blue  preparations. 

Figure  31.  Branchiostoma  caribaeum.  The  same  individual  as  that  shown 
in  Figure  33.  The  nerves  of  the  posterior  end,  on  the  right 
side  of  the  body^    X  93. 

Figure  32.  B.  lanceolatum.  The  interior  surface  of  the  ventral  fin  and  side 
muscles  bordering  upon  it,  from  the  r^on  between  the 
atriopore  and  the  anus.  Posterior  is  up.  The  branches  from 
the  ventral  rami  of  dorsal  nerves  which  reach  the  interior  are 
marked  o,  o,  a.  The  branch  ai,  bends  toward  the  exterior. 
Part  of  a  membrane,  somewhat  detached  from  the  side  muscles, 
is  indicated  at  b.  The  bilateral  asymmetry  of  the  muscle 
segments  is  illustrated.     X  84. 

FiGtJRE  33.  B.  caribaeum.  Nerves  of  the  posterior  end  of  the  body,  on  the 
left  side.  The  epithelium  of  the  skin  is  not  present.  Tfee 
end  of  the  notochord  is  bent  in  the  same  manner  as  the  termi- 
nal ampulla  of  the  neural  tube.     X  93. 

Figure  34.  B.  lanceolatum.  Cutaneous  plexuses  between  right  dorsal 
nerves  XLVI,  XLVII  and  XLVIII,  in  the  region  of  the  ade 
muscles.  The  coarser,  deeper  plexus  is  marked  pi  (center  of 
figure),  the  finer,  more  superficial  one  pi  (upper  left  quarter 
of  figure).  A  cell-like  structure  is  shown  at  c,  in  connection 
with  cutaneous  nerve  fibers  and  at  a,  a  nerve  passing  througb 
mvoseptum  to  inner  face  of  muscle.     X  41. 

Figure  35.  B.  lanceolatum.  Cutaneous  plexuses  between  right  dorsal 
nerves  LIII  and  LIV^  and  between  LV  and  LVI,  in  the  region 
of  the  side  muscles.  The  letters  correspond  to  those  of 
Figure  34.     The  branch  at  x  joins  nerve  LVII.     X  41. 

Figure  36.  B.  lanceolatum.  Cutaneous  plexuses  between  right  dorssJ 
nerves  LIV  and  LV,  in  the  region  of  the  side  muscles.  The 
letters  correspond  to  those  of  Figure  34.     X  84. 
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PLATE  7. 

Figures  37-39  and  41  from  methylene-blue  preparations;  figure  40  from 
Golgi,  and  figure  42  from  gold-chloride  (after  Ranvier)  preparations. 

FiouBB  37.  Branchiostoma  lanceolatum.  The  exteriorly  directed  cutaneous 
branchlets  of  left  dorsal  nerve  XVI.  The  epitheliimi  is  not 
present.     X  41. 

FiQTTRB  38.  B.  lanceolatum.  Cutaneous  plexuses  distributed  over  the  side 
muscles,  formed  from  connecting  branches  of  left  nerves  XI, 
and  XII.  The  coarser  plexus  is  marked  pi,  and  the  finer, 
more  superficial  plexus,  pj.  A  visceral  nerve  branch  is  indi- 
cated at  a.     X  84. 

FiQUBB  39.  B.  caribaeum.  Cutaneous  plexuses  between  left  dorsal  nerves 
XXXV.  XXXVI  and  XXXVII,  in  the  region  of  the  side 
muscles.  The  letters  correspond  to  those  in  preceding 
figure.     X  17.6. 

FiQUBB  40.  B.  lanceolatimi.  Anterior  is  up.  Frontal  section.  Nerve 
fibers  entering  the  root  of  right  dorsal  nerve  XXI.     X  238. 

FiQTTRB  41.  B.  lanceolatimi.  Dorsal  is  at  the  l^t.  A  plexus  formed  by  the 
breaking  up,  for  a  short  distance,  of  the  main  stem  of  the 
ventral  ramus  of  right  dorsal  nerve  XXVII.     X  84. 

FiGUBB  42.  B.  caribaeum.  A  view  of  the  outer  surface  of  skin  taken  from 
the  region  over  the  side  muscles,  near  the  dorsal  fin.  Special 
cells  are  indicated  at  g,  and  modified  cells  at  s.  Apparent 
exudations  from  the  special  cells  are  marked  e.  The  exuda- 
tions lie  at  higher  focus  in  their  distal  portions.     X  1050. 
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PLATE  8. 

All  figures  are  from  Golgi  preparations,  and  all  except  50  are  from  Branchi- 
ostoma  lanceolatum  and  are  dorsal  aspects  of  frontal  sections. 

FiQUBB  43.  Section  (anterior  at  the  right)  through  the  middle  of  the  noto- 
chord  ich.  sheath  of  notochord),  showing  part  of  a  myomere 
in  the  middle  region  of  the  animal.  Long,  single  motor  fibers 
are  drawn,  the  one  bearing  an  end-plate  traversing  the  side 
muscles  for  nearly  their  entire  width.     X  14L 

FiGURB  44.  Section  (anterior  at  the  left)  through  the  24th  myomere  of  the 
left  side,  showing  motor  fibers  and  an  end-plate.  A  slight 
impregnation  of  the  muscle  fibers  adjoining  the  end-plate  is 
drawn.     X  203. 

FiGURB  45.  Section  showing  motor  end-plates  in  the  side  muscles  dorsal  to 
the  neund  tube,  on  the  left  side.     X  277. 

FiGURB  46.  Section  (anterior  at  the  left)  showing  long,  smooth,  closelv 
associated  motor  fibers  in  the  middle  redon  of  the  20tn 
myomere  of  the  left  side  of  the  body.  The  section  passes 
tfairough  the  notochord.     X  14L 

Figure  47.  Section  (anterior  at  the  right)  through  the  region  of  the  noto- 
chord, showing  long,  smooth  motor  fibers  near  a  myoseptum. 
X14L 

Figure  48.  Section  (anterior  at  the  left)  through  the  region  of  the  21st 
myomere  of  the  left  side  of  the  body,  showing  a  branched 
motor  fiber  near  the  anterior  myoseptum.     X  203. 

Figure  49.  Frontal  section  through  the  region  of  the  19th  myomere  of  the 
left  side,  showing  branched  motor  fibers  near  a  myoseptum. 
X203. 

Figure  50.  B.  caribaeum.  Transverse  section  through  a  ventral  nerve  near 
the  middle  region  of  the  bodv,  showing  a  nerve  fiber  bearing 
a  structure  (c)  resembling  a  bipolar  nerve  cell.  An  apparent 
nucleus  is  shown  in  the  cell-like  structure.     X  271. 
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CONTRIBUTIONS  FROM  THE  JEFFERSON  PHYSICAL 
LABORATORY,  HARVARD  UNIVERSITY. 

THE  TECHNIQUE  OF  HIGH  PRESSURE  EXPERIMENTING. 
Bt  P.  W.  Bridgman. 
PreMDted.  Jan.  14.  1914.     Receiyed.  Dec.  20.  1913. 

In  this  paper  I  propose  to  collect  the  results  of  several  years' 
experience  in  designing  apparatus  and  conducting  experiments  at 
high  pressures.  The  rather  unusual  magnitude  of  the  pressures, 
from  12000  to  30000  kgm  /  cm*,  has  made  necessary  the  development 
of  methods  different  from  those  which  have  hitherto  sufficed  for  more 
moderate  pressures,  up  to  perhaps  3000  kgm/cm*.  I  shall  endeavor 
to  present  enough  of  the  detaib  of  manipulation  so  that  any  one  may 
construct  apparatus  for  experimenting  in  this  as  yet  almost  untouched 
field  of  higher  pressures.  It  is  not  claimed  that  the  methods  presented 
furnish  the  only  solution  of  the  problems  of  high  pressure  technique; 
all  that  is  claimed  is  that  the  methods  given  are  possible  solutions 
which  have  stood  the  test  of  constant  use  for  a  number  of  years. 

The  plan  of  presentation  is  to  indicate  the  essential  parts  of  a  piece 
of  high  pressure  apparatus,  and  then  to  describe  in  detail  the  peculiar 
features  of  construction  of  each  of  the  parts. 

The  apparatus  consists  essentially  of  a  chamber  in  which  pressure  is 
produced  by  a  plunger,  a  mechanism  for  pushing  the  plunger  into  the 
chamber,  a  tube  connecting  the  chamber  in  which  pressure  is  produced 
with  a  second  chamber  adapted  to  the  particular  investigation,  and  a 
pressure  gauge.  The  second  chamber  is  the  only  part  of  the  appara- 
tus that  need  be  varied  for  different  experiments.  The  other  parts 
will  be  described  in  detail  here. 

Packing. 

Obviously  an  absolute  essential  to  the  success  of  any  high  pres- 
sure apparatus  is  some  reliable  method  of  packing.  I  shall  describe 
here  the  broad  principle  of  this  packing,  leaving  for  further  de- 
scription the  numerous  modifications  for  special  uses.  All  the  packing 
used  in  this  work  is  so  designed  that  at  high  pressures  it  is  made 
tighter  by  the  action  of  the  pressure  itself.     Figure  1,  showing  the 


Digitized  by 


GooglQ 


628 


PROCEEDINGS  OF  THE  AMERICAN  ACADEMY. 


packing  for  the  piston  will  make  the  principle  clear.  The  piston  P 
pushes  the  plug  A  through  the  medium  of  the  hardened  ring  R, 
the  cupped  washer  of  soft  steel,  C,  and  the  rubber  packing  B.  The 
liquid  compressed  is  below  A  at  L.  The  plug  A  is  provided  with  a 
stem  which  is  long  enough  to  reach  into  the  ring  R,  but  not  long  enough 
to  reach  to  the  piston  P.  If  now  we  consider  the  equilibrium  of  A, 
we  see  that  the  fluid  pressure  over  the  lower  end  of  A  must  be  bal- 
anced by  the  pressure  exerted  by  the  packing  B  on  an  area  less  than 
that  of  A  by  the  area  of  the  unsupported  stem.  The  result  is  that 
the  hydrostatic  pressure  in  the  packing  B  per  unit  area  is  always  a 
certain  percentage  higher  than  that  in  the  liquid^  so  that  the  liquid  can 


Fig.   1. 


Fig.  2. 


Figure  1.  Shows  the  general  principle  of  the  packing  by  which  the  pres- 
8ure  in  the  packing  B  is  always  kept  higher  than  that  in  the  liquid  at  L.  The 
scale  of  the  diagram  is  i  actual  size. 

Figure  2.  Shows  a  common  previous  tyi>e  of  packing  for  high  pressures. 
The  packing  is  compressed  by  a  powerful  screw  into  a  confined  space.  This 
packing  leaks  when  the  pressure  in  the  liquid  rises  as  high  as  that  initially 
applied  with  the  screw. 

never  leak  past  the  piston.  This  principle  is  capable  of  manifold 
modification  and  adaptation,  but  it  will  always  be  found  that  there 
is  somewhere  an  area  unexposed  to  the  action  of  pressure,  so  that  the 
hydrostatic  pressure  in  the  packing  itself  is  always  higher  than  that  in 
the  liquid. 

It  is  instructive  to  compare  this  packing  with  that  formerly  i^ged 
for  high  pressures,  by  Amagat,  for  instance,  up  to  3000  kgm/'^His 
packing  is  compressed  initially  by  a  powerful  screw  into  a  confined 
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space.  Reference  to  Figure  2  will  show  that  such  a  packing  must 
leak  as  soon  as  the  pressure  in  the  liquid  reaches  the  pressure  applied 
initially  to  the  packing  by  the  screw. 

We  proceed  to  the  detailed  consideration  of  the  various  parts  of 
the  apparatus. 


The  Mechanism  for  Moving  the  Piston. 

This  mechanism,  of  course,  may  be  anything  that  will  furnish  a 
force  of  the  required  intensity  and  exert  it  over  a  long  enough  distance. 
It  has  been  usual  in  previous  high  pressure  work  to  use  a  screw  to 
drive  the  piston.  When  the  pressure  to  be  produced  becomes  high, 
the  screw  becomes  very  inefficient,  and  it  is  highly  desirable  to  replace 
it  with  a  hydraulic  press.  In  my  early  work  up  to  6000  kgm.,  the 
piston  (^  inch  in  diameter)  was  driven  by  a  screw.  This  screw  had  a 
pitch  of  8  threads  to  the  inch,  and  needed  a  six  foot  wrench  to  turn  it. 
Its  efficiency  was  less  than  5%.  Furthermore,  even  when  made  of 
nickel  steel,  the  screws,  which  were  one  inch  in  diameter,  finally 
broke  down  and  had  to  be  replaced.  The  hydraulic  press  which  I 
have  been  using  for  the  last  six  years  has  never  given  the  slightest 
trouble.  To  avoid  bulky  apparatus,  it  is  desirable  to  actuate  the 
press  with  liquid  at  a  fairly  high  pressure.  For  this  purpose  a  pump 
of  the  Soci^te  Genevoise  is  convenient,  giving  1000  kgm/cm^  with  a 
lev.er.  The  diameter  of  the  piston  of  the  hydraulic  press  is  2J  inches, 
which  permits,  therefore,  of  a  pressure  of  25000  kgm/cm^  on  a  J  inch 
piston,  the  size  usually  used.  The  barrel  of  the  press  is  made  of  mild 
steel,  4  inches  in  outside  diameter.  The  piston  is  threaded  over  the 
entire  length  and  provided  with  a  heavy  nut  by  which  the  piston 
may  be  maintained  in  any  desired  position,  even  when  the  pressure 
on  the  low  end  is  relieved.  This  arrangement  has  proved  an  indis- 
pensable convenience  in  operation.  Opposed  to  the  main  hydraulic 
press  b  a  smaller  press  with  a  f  inch  pbton,  connected  to  the  larger 
piston  by  tie  rods  and  a  yoke  pressing  against  the  nut.  By  this 
auxiliary  press  the  piston  of  the  large  press  can  be  rapidly  returned 
to  its  initial  position  after  completion  of  a  stroke. 

It  is  essential  that  the  press  be  accurately  constructed  so  that  the 
thrust  on  the  high  pressure  piston  shall  be  exactly  centered;  other- 
wise the  piston  will  buckle. 

The  packing  on  the  low  pressure  piston  of  the  press  embodies  the 
principle  shown  above.    It  might  be  possible  to  use  a  cup  leather. 
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but  this  would  probably  last  for  only  a  short  time,  for  my  experience 

has  been  that  even  so  low  a  pressure  as  1000  kgm.  is  sufficient  to 

rapidly  mechanically  disintegrate  the 
fibrous  structure  of  the  leather.  Fig- 
ure 3  shows  the  packing.  The  end 
piece  A  with  stem  B  plays  in  the  hole 
C  in  the  end  of  the  piston.  The  pack- 
ing is  a  disc  of  J  inch  soft  rubber  be- 
tween two  washers  of  J  inch  red  fibre. 
The  rubber  washers  will  wear  away  in 
time,  but  the  fibre  washers  will  have 
then  become  so  adapted  as  to  give  the 
necessary  tightness.  In  six  years  of 
constant  use,  this  packing  has  been 
renewed  only  once,  and  then  only  as  a 
matter  of  precaution,  when  the  press 
was  dismantled  for  another  purpose. 
In  order  to  make  absolutely  sure  that 
the  end  of  the  stem  B  is  always  free 
from  stress  it  is  well  to  drill  a  small 
lateral  hole  at  the  bottom  of  C  to  allow 
any  liquid  to  flow  away  that  might 

percolate  around  the  packing  when  it  is  relaxed,  as  it  is  when  there  is 

no  pressure  behind  it. 


Figure  3.  Shows  a  section  of 
the  cylinder  of  the  hydraulic 
press  with  the  packing  on  the 
end  of  the  piston  P.  Pressure 
up  to  1000  Kgm.  per  sq.  cm.  is 
exerted  on  the  piston  by  means 
of  a  liquid  at  L.  The  scale  of 
the  diagram  is  i  actual  size. 


The  High  Pressure  Piston. 

It  has  been  found  best  to  make  this  in  two  distinct  parts;  a  piston 
proper  by  which  pressure  is  transmitted  from  the  press,  and  a  packing 
plug  driven  by  the  piston  into  the  cylinder.  The  piston  proper  is  a 
cylindrical  piece  of  steel  with  perfectly  plane  ends.  It  is  made  of  tool 
steel,  first  turned  between  centers  to  the  approximate  dimensions, 
then  hardened  glass  hard  and  left  with  the  temper  undrawn,  ground 
to  the  final  size  between  centers,  and  finally  the  center  marks  ground 
out,  leaving  the  ends  plane.  If  the  center  holes  are  not  ground  out, 
the  piston  is  much  more  likely  to  crack.  For  pressures  up  to  15000 
kgm.  any  high  grade  of  carbon  tool  steel  is  good  enough.  For  higher 
pressures  it  will  be  well  to  use  one  of  the  special  tool  steels  that  admit 
of  being  made  especially  hard.  I  have  found  chrome  or  silicon  steek 
very  suitable.    One  of  these  broke  at  50,000  kgm/cm^.    It  has  been 
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my  experience  that  the  new  high  speed  steeb  are  not  so  good  for  this 
purpose  as  the  old  fashion  carbon  steeb.  It  is  the  hardness  that 
counts  —  and  brittleness  is  no  disadvantage.  After  prolonged  use, 
the  pistons  may  be  expected  to  show  longitudinal  cracks.  I  have 
never  had  a  piston  fail  in  actual  use,  although  I  have  used  pistons  a 
number  of  times  after  the  appearance  of  the  cracks.  The  piston  must 
not  be  too  long,  or  it  will  buckle.  About  4  inches  is  a  good  length  for 
a  diameter  of  J  inch.  In  use,  of  course,  the  piston  is  partially  sup- 
ported by  the  cylinder  when  high  pressures  are  reached.  A  cylinder 
\  inch  in  diameter  may  easily  support  25000  kgm.  with  an  unsupported 
length  of  li  inches,  provided  that  it  is  properly  centered. 

Some  sort  of  face  plate  must  intervene  between  the  hardened  piston 
and  the  soft  steel  piston  of  the  press.  The  form  shown  in  Figure  4  is 
convenient.  This  is  made  of  tool  steel,  hardened,  and  drawn  to  a 
blue.    If  not  drawn,  it  is  quite  likely  that  it  will  crack,  or  even  that 


A 


tl4r-B 


Fig.  4.  Fig.  5. 

Figure  4.  Shows  the  face  i)late  of  hardened  steel  between  the  half  inch 
high  pressure  piston  and  the  piston  of  soft  steel,  P,  of  the  hydraulic  press. 
The  scale  of  the  diagram  is  {  actual  sixe. 

Figure  5.  The  packing  plug  on  the  movable  piston  for  use  up  to  the  high- 
est pressures  in  the  finally  seasoned  apparatus.  The  scale  of  the  diagram  is 
tactual  size. 

the  center  will  be  sheared  through.  A  thin  (0.01  inch)  copper  washer 
at  A  ensures  uniform  seating  of  the  piston.  The  piston,  it  may  be 
mentioned,  is  most  likely  to  crack  longitudinally  when  the  ends  press 
against  something  soft  that  may  flow  out  laterally,  carrying  the  piston 
with  it  by  friction.  It  is  well,  therefore,  to  make  the  center  hole  in 
the  face  plate  a  good  fit  for  the  piston. 

The  principle  of  the  packing  plug  at  the  end  of  the  piston  has  been 
described,  but  there  are  a  number  of  detaik  of  construction.  This 
plug  may  have  two  forms,  one  for  use  in  the  apparatus  as  finally  set 
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up  ready  for  experiment,  the  other  for  use  in  giving  the  prdiminary 
seasoning.  I  describe  first  the  plug  for  regular  use.  Figure  5  shows 
the  dimensions.  It  is  particularly  important  that  the  comers  at  A 
should  be  left  slightly  rounded.  The  plug  may  be  made  an  easy  fit, 
say  0.001  of  an  inch  too  small,  for  the  hole  in  the  cylinder.  The  plug 
is  further  provided  with  a  washer  of  copper,  B,  j^  of  an  inch  thick,  a 
force  fit  for  the  hole.  For  convenience  in  handling,  it  is  well  to  solder 
the  washer  B  to  the  plug.  Above  B  is  the  packing  washer,  C.  J  of 
an  inch  is  thick  enough  for  this  rubber  washer  if  only  a  few  strokes  of 
the  piston  are  to  be  made,  but  since  the  enormous  friction  rapidly  wears 
away  the  rubber,  the  packing  should  be  made  thicker  if  longer  use  is 
contemplated.  It  is  an  advantage  to  keep  the  packing  as  thin  as 
possible,  for  in  this  way  the  total  friction  is  reduced.  Above  the 
packing  is  another  copper  washer,  D,  identical  with  the  lower  one, 
and  above  this  a  washer,  E,  of  the  same  dimensions,  of  soft  Chrome 
Nickel  steel.  Finally,  above  the  soft  steel  washer,  is  a  hardened  sted 
ring,  F,  against  which  the  piston  bears.  This  ring  is  likely  to  crack. 
If  pressures  not  over  12000  kgm.  are  to  be  used,  the  ring  may  be  made 
of  tool  steel,  hardened,  and  drawn  to  a  black.  But  if  pressures  to 
25000  are  to  be  used,  the  ring  must  be  left  glass  hard,  and  one  may 
expect  to  renew  this  ring  with  each  new  setting  up  of  the  apparatus. 

The  packing  plug  just  described  is  one  of  the  few  parts  of  the  appa- 
ratus almost  certain  to  give  way  after  long  use.  Fortunately  the  re- 
sults of  failure  are  nothing  more  serious  than  the  projection  of  the 
severed  stem  against  the  piston,  and  sometimes,  though  not  usually, 
leak.  Failure  takes  the  form  of  separation  of  the  stem  from  the  head 
at  the  comer  A  by  the  "pinching-off"^  efiPect.  The  grade  of  steel 
used  for  the  plug  is  therefore,  important;  a  peculiar  sort  of  toughness 
is  necessary.  I  have  found  best  for  this  a  Kmpp  Chrome  Nickel  steel, 
grade  E.  F.  60.0.  The  New  York  agents  are  Thos.  Prosser  and  Son, 
15  Gold  St.  It  is  strange  that  another  grade  of  steel  with  a  higher 
tensile  strength,  and  better  adapted  for  the  construction  of  the  cylin- 
ders, is  not  so  good  for  the  plug.  The  plug  is  to  be  hardened  in  oil, 
and  the  temper  left  undrawn.  The  degree  of  heating  during  the 
hardening  is  important,  slight  differences  having  a  great  effect  on  the 
resistance  to  the  "pinching-off"  effect.  The  precise  temperature  of 
heating  can  best  be  told  by  experiment. 

The  size  of  the  mbber  washers  used  for  packing  is  also  important; 
these  should  be  as  much  larger  than  the  hole  as  can  conveniently  be 

1  P.  W.  Bridgman,  Phil.  Mag.,  24.  68  (1912). 
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inary  seasoning  of  the  apparatus  is  essentially  the        Figure  6.  Piston 

form  described  above  so  modified  as  to  allow  it  to     P?l^^£.  /^f  ,  ^}^^ 

pressures  for  use  in 

follow  the  stretchmg  of  the  eylmder.     It  could  be     seasoning  the  cylin- 
used  under  all  circumstances,  except  that  the  fric-     dera  when  provision 
tion  is  considerably  higher  than  that  of  the  other     ^J^tch  of  the  cylin- 
form.     It  is  shown  in  Figure  6.     The  possibility     der   without    leak 
of  distension  of  the  head  to  follow  the  stretching     J.^®   ^^^^  ^^  ^^® 
of  the  cylinder  is  provided  by  a  coned  ring  of     size. 
copper,  A,  backed  with  solder,  B,  and  the  possi- 
bility of  stretching  at  the  upper  end  is  provided  by  using  a  washer 
of  soft  steel,  C,  rather  deeply  cupped,  the  groove  of  the  cup  being 
filled  with  a  solder.     With  such  a  plug,  a  pressure  of  25000  kgm/cm.' 
may  be  maintained  in  a  cylinder  which  has  stretched  ^  of  an  inch. 


The  Cylinders. 

The  cylinders,  or  "bombs,"  need  to  be  subjected  to  a  seasoning 
process,  because  the  pressures  at  which  they  are  to  be  used  are  beyond 
the  natiu-al  elastic  limit  of  the  steel.  It  is,  therefore,  necessary  to 
raise  the  elastic  limit  by  the  application  of  a  stress  beyond  the  original 
elastic  limit.  But  since  the  application  of  a  stress  great  enough  to 
permanently  raise  the  elastic  limit  produces  a  permanent  distortion 
of  the  cylinder,  the  cylinder  must  be  machined  again  to  the  final 
size  after  the  preliminary  stretching. 

The  choice  of  steel  for  the  cylinder  is  a  matter  of  much  importance. 
A  high  tensile  strength,  combined  with  a  moderate  elongation  before 
rupture  is  essential.  The  Krupp  Chrome  Nickel  steel  mentioned  for 
the  piston  is  satisfactory  for  this  purpose,  or  somewhat  better  is  a 


Digitized  by 


GooglQ 


634  PROCEEDINGS  OF  THE  AMERICAN  ACADEMY. 

Chrome  Vanadium  steel,  "  Type  D,"  made  by  the  Halcombe  Steel  Co. 
of  Syracuse,  N.  Y.  This  latter  steel  may  show  a  tensile  strength  as 
high  as  300,000  lb.  per  sq.  in.  Before  the  stretching  process,  the 
cylinder  should  be  hardened  by  heating  to  from  870**  to  1000°,  and 
quenching  in  oil.  The  temper  should  not  be  drawn  at  all  after  this 
hardening.  It  is  not  possible  to  get  either  of  these  two  steels  gkss 
hard  like  tool  steel,  unless  by  case  hardening,  so  that  it  is  possible  to 
enlarge  a  hole  by  reaming  in  a  piece  of  steel  so  hardened,  or  even  to 
drill  it. 

The  dimensions  of  the  cylinders  are  capable  of  some  v'ariatkffl. 
It  has  been  my  experience  that  the  outside  diameter  of  the  cylinder 
should  be  from  six  to  ten  times  that  of  the  inside  hole.  Not  much  is 
gained  by  making  it  heavier  than  ten  times,  and  it  is  likely  to  break  if 
made  much  less  than  six  times.  Several  cylinders  of  four  times  the 
diameter  have  eventually  broken  at  12000  kgm.  although  they  with- 
stood a  seasoning  pressure  of  25000  kgm.  Choice  of  dimensions  must 
furthermore  be  influenced  by  the  consideration  that  there  is  a  distinct 
advantage  in  keeping  the  absolute  dimensions  of  the  apparatus  smaD, 
because  hardening  by  quenching  cannot  reach  to  the  interior  of  a 
large  piece  of  steel.  I  have  found  it  convenient  to  use  a  diameter  of 
about  ^  of  an  inch  for  the  piston,  and  an  outside  diameter  for  the 
cylinder  of  from  4  to  4^  inches.  If  the  chrome  vanadium  sted  is 
used,  the  hole  may  be  made  initially  J  inch  in  diameter,  and  the 
stretch  after  seasoning  to  25000  kgm.  will  be  small  enough  so  that  the 
hole  may  be  reamed  to  a  final  size  of  32  of  an  inch.  If  the  Knipp 
steel  is  used,  a  slightly  greater  allowance  for  stretch  must  be  made, 
but  it  will  still  be  less  than  3^  of  an  inch  on  a  diameter  of  i  an  inch. 

The  actual  details  of  the  seasoning  require  little  comment.  Pres- 
sure should  be  increased  gradually,  stopping  after  every  increase  long 
enough  for  the  viscous  yield  to  entirely  disappear.  The  length  of 
the  steps  by  which  the  pressure  is  increased  may  be  so  chosen  that  the 
maximum  is  reached  in  from  ten  to  fifteen  steps.  Pressure  should  be 
maintained  at  the  maximum  for  several  hours.  One  application  of 
the  seasoning  pressure  is  sufficient,  unless  the  stretch  should  be  so 
great  as  to  make  a  second  stroke  necessary  to  reach  the  maximum 
pressure.  The  seasoning  pressure  should  be  as  high  as  can  be  reached 
without  permanent  deterioration  of  the  steel.  With  the  grades  of 
steel  mentioned  above,  this  pressure  may  be  safely  as  high  as  25000  to 
30000  kgm.  A  mixture  of  f  (by  volume)  glycerine  and  I  water  is 
suitable  for  transmitting  the  pressure  during  the  seasoning.  The 
necessary  length  of  stroke  may  be  reduced  by  filling  those  parts  of  the 
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interior  of  the  cylinder  which  will  not  be  reached  by  the  piston  with  a 
core  of  brass  or  steel,  thus  reducing  the  volume  and  the  compression 
of  the  liquid. 

One  must  always  be  prepared  for  disappointment  after  constructing 
one  of  these  cylinders,  for  in  spite  of  the  greatest  care  of  the  manu- 
facturer one  cannot  at  the  present  day  be  sure  that  the  steel  will  be 
free  from  flaws.  These  flaws  may  develop  during  the  preliminary 
seasoning,  but  are  much  more  likely  not  to  show  themselves  until  the 
piece  has  been  reamed  to  the  final  size.  For  example,  one  cylinder 
had  been  used  for  a  year  before  finally  a  seam  opened  in  a  wall  2^ 
inches  thick,  letting  through  a  very  fine  stream  of  liquid.  It  is  a 
matter  of  pure  chance  whether  a  flaw  will  be  found  or  not;  of  two 
pieces  from  the  same  bar,  one  may  have  a  flaw,  and  the  other  may  be 
sound.  It  has  been  my  experience  that  about  three  out  of  every 
four  pieces  are  sound. 


Connecting  Pipes. 

The  proper  construction  of  connections  from  one  piece  of  appara- 
tus to  another  has  been  until  recently  the  most  serious  problem  of  all 
this  high  pressure  work,  and  the  cause  of  almost  every  explosion. 
The  problem  has  at  last,  however,  been  satisfactorily  solved.  Dif- 
erent  types  of  connection  may  be  used,  depending  on  the  pressure 
to  be  carried.    We  begin  with  the  connections  for  the  lower  pressures. 

For  low  pressure  transmission,  such  as  for  the  low  pressure  end  of 
the  press  up  to  1000  kgm.,  the  most  convenient  connection  is  copper 
tubing.  The  size  I  have  used  is  i  of  an  inch  outside  diameter  and  y9 
of  an  inch  inside  diameter.  This  may  be  used  either  in  its  hard  drawn 
state  or  else  annealed.  It  will  stand  a  single  application  of  1500  kgm. 
and  may  be  used  almost  indefinitely  to  1000  kgm.  For  coupling 
together  two  pieces  of  pipe,  a  cone  coupling  with  right  and  left  handed 
thread  will  be  found  very  convenient.  (See  Figure  7.)  The  hollow 
cone  may  be  best  made  of  steel,  since  it  is  subjected  to  greater  strain 
than  the  other,  which  may  be  made  of  brass.  The  copper  tubing  is 
attached  to  the  cones  by  threading  and  soldering.  The  thread  may 
well  be  as  long  as  i  inch,  and  the  unthreaded  part  another  i  inch. 
If  the  soldered  length  at  the  end  of  the  pipe  is  much  less  than  1  inch 
long,  solder  will  be  slowly  extruded  through  the  threads  by  the  pres- 
sure, and  there  will  eventually  be  leak. 

For  making  connections  to  the  cylinder  the  coupling  shown  in 
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Figure  8  is  useful.  It  will  be  seen  that  this  is  an  application  of  the 
packing  principle  described  above.  Here  the  projecting  pipe  itself 
is  the  area  unsupported^  so  that  the  rubber  packing,  A,  exerts  its 
pressure  on  an  area  less  than  that  acted  on  by  the  liquid  by  an  amount 
equal  to  the  area  of  the  cross  section  of  the  pipe.  Brass  washers, 
B  and  C,  are  strong  enough  for  the  end  of  the  tube.  These  brass 
washers  should  fit  the  hole  within  one  or  two  thousandths  of  an  inch, 


Fig.   8. 


Figure  7.  Coned  coupling  for  copper  tubing  up  to  1000  kgm.  The  scale 
of  the  diagram  is  i  actual  size. 

Figure  8.  The  packing  for  copper  tubing,  or,  with  slight  modifications,  for 
commercial  steel  tubing  up  to  4000  kgm.    The  scale  of  the  diagram  is  }  actual 


so  that  the  rubber  may  not  be  blown  through  the  cracks.  Occasion- 
ally, after  several  years'  use,  a  copper  tube  may  fail  by  the  "  pinching- 
ofiF"  effect  at  the  rubber  packing. 

For  pressures  higher  than  1000,  up  to  6000  or  7000  kgm.,  it  is  pos- 
sible to  get  commercial  steel  tubing.  The  National  Tubing  Co.,  Pitts- 
burg, Pa.,  draws  a  size  of  "  Shelby "  tubing  Ye  of  an  inch  outside 
diameter,  and  Yh  ^^  *"  ^^ch  inside  diameter,  which  I  have  found  suit- 
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able.  This  may  stand  as  much  as  9000  kgm.  on  the  first  application 
of  pressure.  The  tubing  should  not  be  softened,  but  left  hard  drawn. 
It  is  likely  to  have  flaws  in  it,  but  these  can  be  usually  detected  by  a 
careful  examination  of  the  outside  of  the  tubing.  For  pressures  up  to 
4000  kgm.  it  is  safe  to  use  with  this  tubing  a  connection  like  that 
shown  above  (in  Figure  8)  for  the  copper  tubing.  But  the  right  and 
left  hand  thread  connection  (of  Figure  7)  cannot  be  used,  since  for 
one  thing  a  soldered  joint  will  not  stand  the  pressure,  the  solder  being 
eventually  pushed  out.  The  washers,  of  course,  should  be  of  steel, 
and  it  pays  to  cup  the  upper  steel  washer,  filling  the  groove  of  the  cup 
with  solder.  At  pressures  in  excess  of  4000  kgm.  the  tube  is  likely  to 
fail  by  the  "pinching-off"  efiPect,  if  the  rubber  type  of  packing  is 
used.  This  "pinching-off"  efiPect  almost  invariably  takes  place  at 
the  bottom  of  the  thread,  the  weakest  part  of  the  tube. 

For  higher  pressures  than  4000,  up  to  6000  pr  7000,  a  connection 
must  be  used  which  prevents  the  packing  from  coming  into  contact 
with  the  thread.  The  cone  packing  of  Figure  9 
answers  this  purpose.  The  cone.  A,  screwing 
over  the  end  of  the  tube  is  of  hardened  nickel 
steel.  The  liquid  is  kept  from  coming  into  con- 
tact with  the  thread  by  a  ring,  B,  of  soft  steel, 
protected  by  solder,  C,  above.  A  hollow  cone 
of  soft  steel,  D,  cut  at  a  slightly  more  acute 
angle  than  the  solid  cone  is  the  packing.  To 
ensure  initial  tightness,  before  pressure  has  been 
pushed  high  enough  to  make  the  cones  conform 
to  each  other,  a  thin  piece  of  rubber,  or  a  ring  of 
copper  may  be  placed  between  the  cones.  This 
packing  has  never  been  quite  satisfactory,  since 
often  rupture  did  ultimately  occur  at  the  base 
of  the  threads.  At  the  Geophysical  Laboratory 
in  Washington  a  method  has  been  developed  by 
Dr.  John  Johnston  for  packing  commercial  steel 
tubing  that  will  doubtless  be  found  more  con- 
venient than  the  above.^  He  has  tested  the 
method  to  8000  kgm.,  but  whether  the  tubing 
will  stand  the  continued  application  of  8000  I 
do  not  know. 

For  continued  use  to  pressures  higher  than  7000  I  have  not  been 


Figure  9.  Coned 
packing  for  use  with 
tubing  up  to  7000 
kgm.  The  purpose 
is  to  keep  the  pres- 
sure from  the  threads 
on  the  outside  of  the 
tubing,  where  rup- 
ture is  particularly 
likely  to  occur.  The 
scale  of  the  diagram 
is  i  actual  size. 


2  John  Johnston  and  L.  H.  Adams,  Amer.  Jour.  Sci.,  31,  505  (1911). 
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able  to  use  any  commercial  drawn  tubing,  but  have  found  it  necessary 
to  drill  the  tubing  from  the  solid  rod.  The  same  grade  of  steel  as  that 
used  for  the  cylinders  should  be  used  for  the  drilled  tubing.  The 
inside  diameter  of  the  tubing  is  j^  of  an  inch,  and  it  is  quite  possible 
with  a  little  practise  to  drill  pieces  at  least  17  inches  long.  The  drill 
should  be  cut  on  the  end  of  a  long  piece  of  drill  rod ;  it  does  not  pay 
to  try  to  braze  a  long  shank  onto  a  short  drill.  Two  essentials  in 
successfully  drilling  a  long  piece  of  tube  are  to  start  with  the  drill 
accurately  central,  and  to  use  as  homogeneous  stock  as  possible.  The 
drill  need  not  be  expected  to  run  more  than  }  of  an  inch  out  of  center 
on  a  piece  17  inches  long.  After  getting  the  drill  accurately  started 
for  two  or  three  inches  it  will  be  found  convenient  to  put  the  drill  in  a 
hand  tool  holder  and  force  it  in  by  hand.  This  arrangement  makes 
it  much  simpler  to  run  the  drill  in  and  out  of  the  hole  to  remove  chips. 
Great  care  must  be  observed  that  the  drill  does  not  become  clogged 
with  chips.  I  have  found  that  it  pays  to  carefully  clean  out  the  hole 
with  a  swab  after  drilling  not  more  than  J  of  an  inch.  It  is  easy,  if  all 
precautions  are  observed,  to  drill  a  hole  j^  of  an  inch  in  diameter  17 
inches  long  in  from  seven  to  eight  hours. 

After  drilling,  the  rod  is  to  be  turned  oflF  over  the  hole  to  the  final 
size,  so  that  the  whole  may  be  concentric,  and  then  hardened  in  oil 
and  left  undrawn,  exactly  as  are  the  cylinders. 

The  problem  of  the  proper  connections  at  the  end  of  the  pipe  is  one 
that  has  given  great  trouble.  The  coned  connection  described  above 
was  used  for  some  time.  The  only  change  necessary  from  the  form 
used  for  lower  pressures  is  the  interposition  of  a  hardened  steel  washer 
between  the  soft  cupped  washer  and  the  retaining  screw.  I  have 
successfully  reached  12000  kgm.  a  number  of  times  with  this  packing, 
but  ultimately  rupture  always  occurred  at  the  bottom  of  the  threads. 
It  may  be  that  rupture  at  this  point  is  not  a  pure  pressure  effect,  but 
that  the  cylinders  are  too  heavy  for  the  tubing,  so  that  there  is  some 
slight  bending  at  the  thread  under  the  unavoidable  hard  handling  of 
setting  up  the  apparatus.  Be  that  as  it  may,  the  cone  packing  is  un- 
satisfactory for  long  continued  service,  particularly  at  temperatures 
much  above  that  of  the  room. 

The  packing  for  the  connecting  tube  finally  adopted,  and  which  has 
proved  entirely  satisfactory,  is  shown  in  Figure  10.  The  main  im- 
provement of  this  over  the  cone  form  is  that  it  leaves  the  tube  much 
heavier,  the  minimum  outside  diameter  at  a  point  exposed  only  to 
internal  pressure  being  f  of  an  inch  in  the  new  form  against  about  } 
of  an  inch  at  the  bottom  of  the  thread  in  the  cone  form.    The  end  of 
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the  tube  has  a  heavy  thread  cut  on  it,  and  is  provided  with  a  milled 
head,  H,  for  a  wrench.  The  packing  is  composed  of  three  rings;  a 
thin  ring  of  Bessemer,  A,  a  ring  of  lead,  B,  j^  of  an  inch  square  in  cross 
section,  and  a  ring  of  Bessemer,  C, 
of  yb  ^^^^  square  section.  These 
rings  fit  over  the  end  of  the  tube  in 
an  annular  space  -j^b  of  an  inch  wide 
between  the  tube  and  the  walls  of 
the  cylinder.  On  screwing  up  the 
the  tube,  the  rings  are  forced  against 
a  conical  shoulder,  D,  on  the  tube. 
It  will  be  noticed  that  the  Bessemer 
ring  C  supports  the  hydrostatic  pres- 
sure over  the  entire  area  of  one  face, 
but  that  at  the  rear  face  there  is  a 
vacant  space,  E,  so  that  the  pressure 
must  be  balanced  by  the  force  exerted 
by  the  cone  on  the  comer  of  the  ring. 
This  means  that  the  intensity  of  pres- 
sure in  the  steel  at  the  comer  is  much 
greater  than  the  pressure  in  the  liq- 
uid, so  that  leak  cannot  occur.  Here 
again,  we  have  the  principle  of  a 
packing  with  an  unsupported  area. 
Tightness  at  the  outside  of  the 
Bessemer  ring  is  secured  by  the 
stretching  of  the  ring  over  the  cone. 

The  lead  washer  merely  serves  the  purpose  of  giving  initial  tightness, 
and  the  thin  Bessemer  washer  is  to  keep  the  lead  washer  in  place. 
The  projecting  ledge  against  which  the  washers  bear  opposite  the  cone 
is  shown  in  the  figure  as  the  rim  of  a  nickel  steel  cup,  F,  resting  loosely 
in  the  hole.  This  construction  is  convenient,  because  it  provides  a 
way  of  withdrawing  the  packing  rings  after  use  by  inserting  a  threaded 
rod  through  the  bottom  of  the  cup  and  pulling  the  cup  out.  It  is, 
however,  quite  possible  to  use  part  of  the  cylinder  itself  as  the  ledge, 
since  the  removal  of  the  washers,  even  without  the  device  of  the  cup, 
does  not  present  serious  difficulties.  The  lead  ring  and  the  heavy 
Bessemer  ring  cannot  be  used  more  than  once,  but  the  thin  Bessemer 
ring  for  retaining  the  lead  may  be  used  several  times. 

This  packing  has,  at  the  date  of  writing,  been  in  continuous  use  for 
nearly  a  year,  up  to  13000  kgm.  and  200®,  without  a  single  rupture  or 


FiGXTRB  10.  Detail  of  the  final 
packins  of  rin^  of  soft  steel  for 
the  drilled  tubing  of  nickel  steel. 
The  scale  of  the  diagram  is  i  actual 
sice. 
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leak  of  any  kind.  It  has  not  been  tested  higher,  but  there  is  no  reason 
why  it  should  not  hold  until  the  steel  cylinder  stretches  enough  to 
leak.  It  is  a  satisfaction  in  using  this  connection  to  feel  that  this  part 
of  the  apparatus  is  at  least  no  weaker  than  any  other. 


The  Pressure  Gauge. 

Without  doubt  the  most  convenient  means  of  measuring  high 
pressure  is  to  measure  the  change  produced  by  the  pressure  in  the 
electrical  resistance  of  some  such  alloy  as  manganin.    The  details 
have  been  given  in  a  previous  paper.'    The  only  structural  difficulties 
with  the  method  are  those  incidental  to  getting 
electrically  insulated  leads  into  the  cylinder.    The 
I  principle  of  the  insulating  plug  has  also  been 

^  described  in  a  previous  .paper,  but  not  in  much 

detail,  and  since  several  improvements  have  been 
introduced,  it  will  pay  to  redescribe  it.  The  plug 
is  shown  in  Figure  11.  It  consists  essentially  of 
an  outer  sheU,  A,  to  which  one  electrode  is  silver 
soldered,  and  running  through  it  and  insulated 
from  it,  a  thin  steel  stem,  F,  which  forms  the 
--y-  other  electrode.    The  outer  shell  of  the  plug,  A, 

is  made  of  Krupp  Chrome  Nickel  steel,  hardened 
in  oil.  The  packing  of  the  shell  used  at  present 
is  soft  rubber,  after  the  same  design  as  that  used 
for  the  tubing  at  lower  pressures.  This  packing 
is  not  shown  in  the  diagram.  There  is  no  weak- 
ening of  the  plug  here  by  a  thread  on  the  outside, 
so  that  the  "  pinching-off "  effect  is  not  nearly  so 
troublesome  as  in  the  case  of  the  packing  for  the 
tubing.  Moreover,  by  making  the  shell  with  a 
taper  shoulder,  and  placing  over  this  a  soft  steel 
cone,  against  which  the  rubber  l^ears,  thus  provid- 
ing for  the  possibility  of  slip  of  one  metal  part  over 
the  other  in  the  locality  where  the  "pinching- 
effect  would  be  most  likely  to  occur  if  the  metal  were  of  one  solid 


Figure  11.  The 
insulating  plug  for 
leading  electrical 
connections  to  the 
interior  of  the  pres- 
sure chamber.  The 
scale  of  the  diagram 
is  i  actual  size. 


off 

piece,  and  by  using  rubber  washers  only  i  of  an  inch  thick,  the  danger 

of   **pinching-ofT"  is  reduced  to  a  minimum.     However,  this  design 


3  P.  W.  Bridgman,  These  Proceedings,  47.  321-343  (1911). 
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does  not  entirely  do  away  with  the  eflFect;  it  is  safe  to  count  on  a 
rupture  about  once  a  year  if  the  apparatus  is  used  continually  to  12000 
kgm.  Failure  of  the  plug  need  not  result  in  complete  rupture.  Once 
or  twice  I  have  been  troubled  with  an  obscure  leak  which  I  finally 
traced  to  a  crack  at  the  base  of  the  cone  of  A,  where  the  "  pinching-off  " 
eflFect  might  be  expected  to  occur.  If  ever  occasion  should  arise  to 
make  new  plugs,  I  intend  to  redesign  them  so  as  to  use  the  ring  pack- 
ing of  steel  now  used  for  the  connecting  tubes. 

The  insulating  properties  of  the  plug  are  provided  by  two  layers  of 
mica  washers,  B  and  C,  turned  (not  punched)  so  as  to  be  a  force  fit 
for  the  hole.  Tightness  against  leak  is  provided  by  a  layer  of  rubber, 
D,  between  the  two  layers  of  mica.  The  fine  stem,  F,  is  insulated 
from  A  for  the  rest  of  its  length  by  a  thin  glass  tube,  G,  slipping  into 
the  annular  space  between  F  and  A.  A  small  cylinder  of  hard  rubber, 
H,  at  the  outer  end  completes  the  insulation.  The  insulating  proper- 
ties of  the  plug  are  improved  if  all  the  parts  are  dipped  into  paraffine 
heated  to  from  120^  to  140°  immediately  before  assembling,  and  if 
they  are  kept  hot  enough  during  the  assembling  so  that  the  paraffine 
remains  melted.  The  insulation  resistance  is  at  least  100  megohms, 
the  limit  of  the  measuring  instrument  used. 

It  will  be  noticed  that  the  insulating  packing  uses  again  the  prin- 
ciple of  the  imsupported  area,  the  central  stem  in  this  case  being  the 
unsupported  part.  But  the  area  of  the  stem  is  so  slight  that  the  excess 
pressure  provided  by  it  may  not  be  sufficient  to  overcome  the  friction 
in  the  mica  washers  against  the  side  of  the  plug.  It  is  therefore  neces- 
sary to  make  the  rubber  washer  initially  considerably  larger  than  the 
hole,  or  else  the  tightness  will  not  be  permanent.  A  washer  initially 
J^  of  an  inch  to  go  into  a  hole  -iq  of  an  inch  in  diameter  is  not  too 
large. 

The  steel  disc  at  E  is  necessary  to  prevent  the  rubber  blowing  out 
past  the  mica  washers  along  the  stem.  This  disc  should  be  of  hard- 
ened nickel  steel.  The  stem  F  passing  through  the  washers  is  also 
of  hardened  nickel  steel.  It,  together  with  the  head  at  its  upper  end, 
must  be  made  from  one  piece.  Attempts  to  braze  or  screw  the  head 
onto  a  piece  of  wire  have  uniformly  failed.  This  thin  stem  is  abo 
likely  to  fail  by  the  "pinching-oflF"  eflFect,  where  it  passes  through  the 
•rubber,  or  if  the  friction  of  the  washers  is  too  great,  it  may  be  torn 
apart  by  the  tension  afforded  by  the  expansion  of  the  washers  during 
decreasing  pressure.  Several  times  I  have  observed  rupture  from 
this  cause  at  6000  kgm.  after  decreasing  pressure  from  a  maximum  of 
12000. 
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The  pressure  of  6000  kgm.  is  still  sufficient  to  project  the  fine  stem 
with  considerable  violence  after  rupture  takes  place,  so  that  one  must 
be  particularly  careful  not  to  yield  to  a  false  feeling  of  security  in 
handling  the  plug  during  decreasing  pressure.  The  insulating  plug 
as  thus  constructed  is  at  present  the  part  of  the  apparatus  most  likely 
to  fail.  The  mica  washers  eventually  fail  along  a  cone  of  shear 
reaching  from  the  hardened  disc  to  the  hole  in  the  stem.  Slipping 
of  the  mica  on  the  shear  planes  is  likely  to  be  accompanied  by  unsym- 
metrical  yielding  of  the  rubber  and  the  hardened  disc,  so  that  the  fine 
stem  may  be  bent  or  even  sheared  off  by  the  tilted  disc. 

It  would  probably  pay  in  designing  new  apparatus  to  experiment 
with  a  form  of  insulating  plug  developed  at  the  Geophysical  Labora- 
tory.* Soapstone  instead  of  mica  is  the  insulating  material,  and  the 
rubber  washer  is  dispensed  with,  so  that  it  is  simpler  in  construction. 
It  has  not  been  tested  over  so  wide  a  range  as  the  form  described 
above,  but  has  given  perfect  satisfaction  up  to  8000  kgm.  The  form 
described  above  has  been  used  to  21000  kgm.,  although  it  would  not 
stand  this  many  times. 

Valves. 

I  have  as  yet  not  been  able  to  construct  satisfactory  valves.  How- 
ever, it  may  be  worth  while  to  describe  a  substitute  which  has  been 
found  useful  for  one  particular  purpose.  In  the  absence"  of  valves 
the  desired  final  pressure  must  be  reached  with  one  stroke  of  the  piston. 
But  if  the  apparatus  connected  to  the  cylinder  is  of  more  than  two  or 
three  times  the  capacity  of  the  cylinder  itself,  it  will  not  be  possible 
to  do  this  because  of  the  compressibility  of  the  transmitting  liquid. 
But  since  the  greater  part  of  the  compression  of  a  liquid  occurs  in  the 
first  few  thousand  kilograms,  it  would  in  many  cases  be  sufficient  if  an 
initial  pressure  of  a  few  thousand  kilograms  could  be  produced  in  the 
cylinder  before  the  stroke  begins.  This  is  accomplished  by  the  use 
of  a  small  by-pass  at  the  upper  end  of  the  cylinder,  so  situated  that 
it  is  just  uncovered  when  the  piston  is  withdrawn  to  its  extreme  posi- 
tion. Initial  pressure  to  the  desired  amount  is  produced  in  the  appara- 
tus by  an  auxiliary  pump  through  the  by-pass,  which  is  then  cut  off 
by  the  descent  of  the  piston.  It  is  necessary  to  make  this  by-pass  verf 
minute,  so  that  the  rubber  packing  of  the  piston  may  not  be  blown  out 
through  it  as  the  piston  passes  by.     One  convenient  way  of  doing  this 

4  John  Johnston  and  L.  H.  Adams,  Amer.  Jour.  Sci.,  31,  507  (1911). 
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is  to  drill  and  tap  a  convenient  sized  hole  at  the  upper  end  of  the 
cylinder,  say  for  a  10-32  thread,  J  of  an  inch  long,  and  then  to  screw 
tightly  into  the  tapped  hole  a  carefully  cut  screw,  across  the  threads 
of  which  (that  is,  parallel  to  the  axis)  a  fine  scratch  has  been  made. 
This  scratch  is  the  channel  by  which  the  transmitting  fluid  gains 
access  to  the  interior  of  the  cylinder;  its  size  may  be  regulated  at 
pleasure  by  varying  the  size  of  the  scratch.  The  screw  may  be  made 
of  soft  tool  steel,  since  the  pressure  it  has  .to  withstand  is  not  high, 
thus  permitting  the  end  projecting  into  the  cylinder  to  be  reamed  off. 
The  use  of  a  by-pass  necessitates  the  use  of  an  auxiliary  pump  giving 
several  thousand  kilograms.  I  have  found  it  convenient  to  use  a 
second  pump  of  the  Geneva  type,coupled  to 
an  intensifier  of  readily  suggested  design, 
stepping  up  the  pressure  four  times. 

Plugs. 

In  adapting  pieces  of  apparatus  to  new 
uses  it  will  often  be  necessary  to  plug  holes 
previously  used  for  connections.  This  may 
be  done  with  a  plug  packed  according  to  the 
simple  method  of  rubber  washers  used  for 
the  connecting  pipes  at  low  pressures  (see 
Figure  12).  If  the  stem  and  the  head,  A, 
are  turned  from  one  piece  of  Krupp  Chrome 
Nickel  steel  and  hardened,  the  "pinching- 
off  "  effect  will  seldom  be  troublesome.  One 
should  realize,  however,  that  the  "  pinching- 
off"  effect  is  treacherous,  and  likely  to  come 
at  the  most  unexpected  times.  All  parts 
liable  to  this  effect  should  either  be  shielded, 
or  ebe  they  should  be  pointed  in  such  a 
direction  that  they  can  do  no  damage  if 
projected  by  an  explosion. 

Jefferson  Physical  Laboratory, 
Harvard  University,  Cambridge,  Mass. 


Figure  12.  The  plug 
for  closing  holes  against 
hi^h  pressures.  The  plug 
A  is  packed  with  a  rubber 
washer  B,  a  soft  steel 
washer  D  cupped  and 
filled  with  solder  at  C, 
and  the  hardened  washer 
E.  The  scale  of  the  dia- 
gram is  f  actual  size. 
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One  thouiftnd  and  twentj-iisth  Meeting. 

October  8,  1913. —  Stated  Meeting. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  forty-eight  Fellows  and  many  guests  (including  ladies) 
present: 

The  Corresponding  Secretary  presented  the  following  correspon- 
dence:—G.  D.  BirkliofT,  C.  J.  Bullock,  G.  W.  Chadwick,  J.  L.  Coolidge, 
Henry  Crew,  H.  A.  Christian,  S.  M.  Crothers,  D.  R.  Dewey,  F.  P.  Fish, 
Arthur  Foote,  D.  C.  French,  E.  F.  Gay,  C.  H.  Grandgent,  Robert 
Grant,  C.  B.  Gulick,  C.  H.  Haskins,  E.  V.  Huntington,  H.  C.  G.  von 
Jagemann,  J.  R.  Jewett,  N.  A.  Kent,  Wm.  Lawrence,  A.  D.  Little,  F.  B. 
Mallory,  W.  B.  Munro,  E.  H.  Nichols,  W.  A.  Noyes,  Harold  Pender, 
B.  L.  Pratt,  E.  K.  Rand,  H.  N.  Sheldon,  Moorfield  Storey,  and  G.  E. 
Woodberry,  accepting  Fellowship;  from  F.  B.  Dexter,  J.  T.  Morse,  Jr., 
and  C.  S.  Hastings  declining  Fellowship;  from  Adam  Politzer,  accepting 
Foreign  Honorary  Membership;  from  Miss  Sara  Norton,  presenting 
papers  which  passed  into  the  possession  of  her  father,  the  late  Charles 
Eliot  Norton,  after  the  death  of  Chauncey  Wright;  from  a  Committee, 
proposing  to  commemorate  in  1914  the  seventh  centenary  of  Roger 
Bacon's  birth  by  erecting  a  statue  in  his  honor,  and  asking  subscrip- 
tions; from  the  Jardin  Imp^riale  Botanique  de  St.  P^tersbourg,  inviting 
the  Academy  to  take  part  in  the  celebration  of  its  bicentennial  jubilee; 
from  the  World's  Congress  of  International  Associations,  stating  the 
object  of  the  Congress;  from  the  President,  Trustees  and  Faculty  of 
Princeton  University  requesting  the  presence  of  a  delegate  at  the  dedi- 
cation of  the  Graduate  College,  on  October  22nd. 

The  Chair  announced  the  deaths  of  the  following  Fellows: — 

Okakura  Kakuzo,  Fellow  in  Class  III.,  Section  4;  Francis  Bartlett, 
Fellow  in  Class  III.,  Section  4;  Reginald  Heber  Fitz,  Fellow  in  Class 
II.,  Section  4. . 
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The  President  was  authorized  to  appoint  a  delegate  to  attend  the 
Princeton  dedication. 

The  following  papers  were  presented  by  title: — 

"Contributions  from  the  Gray  Herbarium  of  Harvard  University. 
New  Series  XLIH. —  A  Taxonomic  Study  of  Setaria  italica  and  its 
immediate  Allies."  By  F.  T.  Hubbard.  Presented  by  B.  L.  Robin- 
son. 

"Floating  Islands."  By  Sidney  Powers.  Presented  by  S.  F. 
Clarke. 

"  Phase  Changes  under  Pressure.  I.  The  Phase  Diagram  of  Eleven 
Substances  with  especial  reference  to  the  Melting  Curve.  By  P.  W. 
Bridgman. 

The  following  communications  were  given : — 

"  A  Winter  in  Rome."     By  Professor  E.  K.  Rand. 

"Absence  of  Finality  in  Physical  Science."  By  Professor  John 
Trowbridge. 

At  the  conclusion  of  Professor  Trowbridge's  Communication,  a 
reception  was  held  in  the  Reading-room,  where  refreshments  were 
served. 

One  thousand  and  twenty-ieTenth  Meeting. 

November  12,  1913. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  twenty-eight  Fellows  and  one  guest  present. 

The  following  letter  was  presented: — from  Edward  Channing, 
resigning  Fellowship. 

The  following  extracts  from  the  will  of  Francis  Amory,  who  died 
November  10,  1912,  were  read: — 

EXTRACTS    from    WILL   OF   FRANCIS   AMORY. 

Section  XXH.  I  give  and  bequeath  unto  the  Academy  of  Arts  and 
Sciences  situated  in  the  City  of  Boston,  Mass.  in  memory  of  my  late 
uncle,  Francis  Amory,  of  Beverly,  Mass.  the  sum  of  S25,000,  but  In 
Trust  nevertheless  for  the  following  uses  and  purposes,  namely. 

To  be  safely  invested  and  allowed  to  accumulate  till  the  expiration 
of  21  years  from  the  date  of  my  death,  and  then  to  devote  the  income 
alone  thereof,  to  the  award  of  a  "Septennial  prize"  and  a  gold  medal, 


Digitized  by 


GooglQ 


RECORDS  OF  MEETINGS.  649 

or  other  token  of  honor  and  merit  to  be  awarded  by  the  President  and 
Fellows  of  said  Academy,  at  their  discretion,  to  any  individual  or 
individuals  who  shall  in  their  judgment  and  belief,  during  the  said 
Septennial  period  next  preceding  any  award  thereof,  through  experi- 
ment, study  or  otherwise  discover  any  notably  useful  remedy,  or  invent 
any  cunning  device  or  instrument  for  the  treatment  and  cure  of  diseases 
and  derangement  of  the  human  sexual  generative  organs  in  general, 
and  more  especially  for  the  cure,  prevention  or  relief  of  the  retention 
of  urine  cystitis,  prostatitis,  etc.,  those  distressing  disorders  so  common 
to  old  men:  moreover  as  a  secondary  consideration,  I  direct  that 
should  no  invention  or  discovery  as  aforesaid  be  made  and  brought 
to  the  knowledge  and  deliberation  of  said  President  and  Fellows  during 
said  Septennial  period  and  be  awarded  as  aforesaid,  then  and  in  that 
event,  the  said  President  and  Fellows  may  award  the  said  prize  and 
medal  or  both,  to  any  author  or  authors,  during  said  period,  who  may 
have  written  any  theoretical  or  practical  treatise  which  in  their  judg- 
ment, may  be  of  extraordinary  or  exceptional  value  and  merit  on  the 
anatomy  of  said  organs,  or  the  treatment  of  said  diseases.  But  in  all 
cases  of  competition  any  aforesaid  invention  or  discovery  shall  take 
precedence  of  any  authors  or  theoretical,  practical  and  approved 
treatise,  any  one  such  individual,  however,  being  eligible  to  both  said 
prize  and  medal :  it  being  my  intention,  purpose  and  design  not  only 
to  aid  and  reward  as  much  as  possible,  those,  the  pursuit  and  practise 
of  whose  legitimate  profession  might  naturally  and  spontaneously  aid 
and  lead  them  towards  the  realization  and  attainment  of  the  objects 
and  honors  for  which  this  bequest  is  founded,  those,  in  a  word,  whose 
merit  and  reward  are  uniformly  "the  children  of  their  voluntary 
efforts,"  but  moreover  also  wishing  and  intending  to  render  the  same 
well  worth  the  while  and  efforts  of  even  the  unprofessional,  and  to  in 
every  way  possible  awaken  and  stimulate  the  attention,  zeal,  ambition 
and  sympathy  therein,  of  the  poorest,  the  most  indifferent  and  uncon- 
cerned. Therefore  should  any  such  septennial  period  elapse  without 
said  prize  or  token  or  both  for  the  next  preceding  period  having  been 
awarded,  then  and  in  that  event  the  said  income  or  any  portion  thereof, 
not  having  been  then  paid  for  said  prize,  medal  or  token  or  both  for 
such  period,  shall  be  added  to  said  capital  sum  of  $25,000,  and  shall 
become  part  an  parcel  of  said  capital  sum  and  said  capital  sum  shall 
on  no  account  be  expended  for  any  other  purpose  or  object  whatsoever. 
Section  XXV.  I  desire  and  suggest  that  my  executors  hereinafter 
named,  or  whoever  shall  be  charged  with  the  execution  of  this  my  will, 
shall,  at  the  expense  of  my  estate,  during  the  period  of  three  years 


Digitized  by 


GooglQ 


650  PROCEEDINGS  OF  THE   AMERICAN  ACADEMY. 

after  the  probate  of  this  will,  and  that  thereafterwards,  for  the 
further  period  of  twenty-five  years,  the  respective  institutions  to 
whom  I  have  devised  and  bequeathed  the  trust  funds  stated  in  Sec- 
tions XXII,  XXIII  and  XXIV  of  this  my  will,  shall,  on  each  and  every 
anniversary  of  my  death,  publish  in  two  or  more  of  the  principal  news- 
papers printed  in  the  City  of  Boston,  a  succinct  but  clear  exhibit  of  the 
nature  and  design  of  every  endowment  or  trust  fund  mentioned  in  this 
will,  and  expressly  solicit  the  public  to  contribute  thereto  by  sub- 
scription, donation  or  bequest. 

Fully  persuaded  myself  of  the  utility,  importance  and  necessity  of 
the  several  endowments  or  trust  funds  I  have  hereinbefore  created, 
established  and  bequeathed,  and  desiring  to  promote  the  comfort, 
prosperity  and  happiness  of  my  fellow  men,  I  do  hereby  most  earnestly 
recommend  my  fellow  citizens,  friends  and  relations  generally,  to 
contribute  thereto  by  gift,  donation  and  bequest,  for  the  alleviation 
of  misery,  for  the  promotion  and  diffusion  of  knowledge  and  science, 
and  for  the  honor  and  glory  of  the  city. 

Section  XXVI.  My  executors,  hereinafter  named,  or  whoever  shall 
be  charged  with  the  execution  of  this  my  will,  shall  render  annually 
to  the  Probate  Court  a  detailed  and  itemized  account  of  their  ad- 
ministration, and  of  the  investment  of  the  funds  remaining  in  their 
hands;  and  the  several  institutions,  mentioned  in  Sections  XXII, 
XXIII  and  XXIV,  shall  annually,  at  the  close  of  their  fiscal  years, 
publbh  in  two  or  more  of  the  principal  newspapers,  printed  in  Boston, 
a  detailed  and  itemized  account  of  their  respective  funds,  held  under 
the  above  trusts,  and  of  the  administration  and  application  thereof 
during  said  year,  so  that  it  may  at  all  times  appear,  on  examination 
by  the  public,  that  my  intentions  regarding  the  same  have  been  faith- 
fully observed. 

Section  XXVII.  If  any  legatee,  devisee  or  annuitant  hereinbefore 
named,  shall  not  accept  his,  her  or  their  legacy,  devise  or  annuity, 
subject  to  the  conditions  and  restrictions  hereby  imposed,  within  one 
year  after  it  becomes  due,  then  and  in  that  event,  I  hereby  give,  devise 
and  bequeath  any  and  all  legacies,  di\dses  or  annuities  so  declined  or 
any  part  or  portion  thereof,  to  the  Boston  Lying-in  Hospital,  24 
McLean  Street,  aforementioned,  in  the  same  manner  and  for  the  same 
intents  and  purposes  as  those  mentioned  in  Section  XXIV  of  this  my 
will. 

On  motion  of  the  Corresponding  Secretary,  it  was 
Voted,  That  the  American  Academy  of  Arts  and  Sciences  agrees  to 
accept  the  sum  of  twenty-four  thousand  dollars  ($24,000.00)  in  pay- 
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ment  of  the  legacy  of  twenty-five  thousand  dollars  ($25,000.00)  left  to 
the  Academy  under  the  will  of  Francis  Amory,  deceased. 

The  above  concession  is  made  on  account  of  the  necessity  of  a 
compromise  between  the  Executors  of  the  Will  and  the  Heirs  of  the 
Testator  in  order  to  prevent  a  contest. 

It  was  also 

Voted,  That  the  Treasurer  of  the  American  Academy  of  Arts  and 
Sciences  is  hereby  authorized  to  receive  and  receipt  for  the  above 
legacy  on  the  terms  above  set  forth. 

The  following  Communication  was  given  by  Dr.  W.  S.  Bigelow;  — 

"  On  the  Method  of  Practising  Concentration  and  Contemplation, 
by  Chisho  Daishi,  a  Monk  of  the  Shuzenji  Monastery  of  Tendai 
Mountain;  translated  from  the  Chinese  by  Okakura  Kakuzu." 


On*  tbommd  and  tw«ntj-tlffhth  Meetixiff. 

December  10,  1913. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  forty-one  Fellows  and  three  guests  present. 

A  letter  from  Albert  Bushnell  Hart,  declining  Fellowship,  was 
presented  by  the  Corresponding  Secretary. 

Dr.  Horatio  R.  Storer,  a  Resident  Fellow  of  the  Academy  from 
1858  to  1879,  presented  a  small  bronze  bas-relief  of  himself,  inscribed 
"  To  the  Master  in  Surgery,  Medical  Numismatist  and  Lover  of  Man 
and  Nature,  Horatio  R.  Storer,  M.  D.,  LL.D.,  from  his  friend  R.  Tait 
McKenzie,  M.D.  1913." 

Mr.  Baldwin  Coolidge  presented  a  small  lithograph,  from  a  drawing 
by  George  Rumford  Baldwin,  in  1830,  of  the  house  in  which  Count 
Rumford  was  bom. 

The  above  gifts  were  accepted  by  the  Academy,  and  the  Corre- 
sponding Secretary  requested  to  acknowledge  them. 

Dr.  Clarence  J.  Blake  read  a  biographical  notice  of  Dr.  O.  F. 
Wadsworth. 

A  communication  was  given  by  Professor  G.  W.  Pierce  on  "Wireless 
Telephony,"  accompanied  by  lantern  slides  and  apparatus,  which 
was  followed  by  discussion,  and  remarks  by  Professors  Thomson, 
Webster  and  FitzGerald. 

The  meeting  then  adjourned  to  the  Reading-room,  where  refresh- 
ments were  served. 
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One  thousand  and  twentj-ninth  Maefeinf. 

January  14,  1914. —  Stated  Meeting. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  thirty-nine  Fellows  and  two  guests  present. 

The  Corresponding  Secretary  presented  the  following  letters:  — 
from  the  Real  Academia  de  Ciencias  y  Artes  de  Barcelona,  inviting 
the  Academy  to  send  a  delegate  to  the  celebration  of  the  one  hundred 
and  fiftieth  anniversary  of  its  foundation,  January  18-20,  1914; 
from  the  Museo  Nacional  de  Acqueologia  Historia  y  Ethnologia, 
sending  the  felicitations  of  the  New  Year;  from  the  Boston  Rotary 
Club,  enclosing  tickets  to  its  annual  exhibition  in  Horticultural  Hall, 
January  23-24,  1914. 

The  Chair  announced  the  deaths  of  the  following  Fellows :  —  Seth 
Carlo  Chandler,  Class  I.,  Section  1;  Silas  Weir  Mitchell,  Class  II., 
Section  3;  Benjamin  Osgood  Peirce,  Class  I.,  Section  2. 

The  Corresponding  Secretary  read  the  following  Recommendation 
of  the  Council :  — 

The  Council  recommends  that  the  following  Standing  Vote  be 
adopted:  — 

There  may  be  chosen  by  the  Academy,  under  the  same  rules  by 
which  Fellows  are  now  chosen,  one  hundred  Resident  Associates. 
Not  more  than  forty  Resident  Associates  shall  be  chosen  in  any  one 
Class. 

Resident  Associates  shall  be  entitled  to  the  same  privileges  «3 
Fellows,  in  the  use  of  the  Academy  building,  may  attend  meetings 
and  present  papers,  but  they  shall  not  have  the  right  to  vote.  They 
shall  pay  no  Admission  Fee,  and  their  Annual  Dues  shall  be  one  half 
that  of  Fellows  residing  within  fifty  miles  of  Boston. 

The  Council  and  Committees  of  the  Academy  may  ask  one  or  more 
Resident  Associates  to  act  with  them  in  an  advisory  or  assistant 
capacity. 

It  was 

Voted,  That  this  Recommendation  be  printed  on  the  call  for  the 
next  Meeting  at  which  it  can  be  considered. 

The  following  gentlemen  were  elected  Fellows  of  the  Academy:— 
a  printed  list  of  nominees  having  been  sent  to  all  Voting  Fellows  with 
the  notice  of  the  December  meeting,  in  accordance  with  Chapter  III, 
Article  3  of  Statutes: — 
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In  Class  I.,  Section  1  (Mathematics  and  Astronomy) : — 

Charles  Leonard  Bouton,  of  Cambridge;  Clarence  Lemuel  Elisha 
Moore,  of  Boston. 

In  Class  I.,  Section  2  (Physics) : — 

Henry  Andrews  Bumstead,  of  New  Haven,  Conn.;  John  Charles 
Hubbard,  of  Worcester;  James  Edmund  Ives,  of  Worcester;  Charles 
Herbert  Williams,  of  Milton. 

In  Class  I.,  Section  3  (Chemistry) :  — 

Elmer  Peter  Kohler,  of  Cambridge;  Arthur  Becket  Lamb,  of  Cam- 
bridge; Alexander  Smith,  of  New  York,  N.  Y.;  Julius  Oscar  Stieglitz, 
of  Chicago,  111. 

In  Class  I.,  Section  4  (Technology  and  Engineering) :  — 

Francis  TiflFany  Bowles,  of  Boston;  William  Hubert  Burr,  of  New 
York,  N.  Y.;  Howard  Adams  Carson,  of  Maiden;  John  Hays  Ham- 
mond, of  Gloucester;  Rudolph  Hering,  of  New  York,  N.  Y.;  Henry 
Marion  Howe,  of  New  York,  N.  Y. ;  Edward  Furber  Miller,  of  Newton ; 
Frederick  Haynes  Newell,  of  Washington,  D.  C;  William  Barclay 
Parsons,  of  New  York,  N.  Y.;  Charies  Milton  Spofford,  of  Boston. 

In  Class  II.,  Section  1  (Geology,  Mineralogy,  and  Physics  of  the 
Globe):  — 

Herbert  Percy  Whitlock,  of  Albany,  N.  Y. 

In  Class  II.,  Section  3  (Zoology  and  Physiology) : — 

Robert  Payne  Bigelow,  of  BrookHne. 

In  Class  II.,  Section  4  (Medicine  and  Surgery) : — 

Harvey  Cushing,  of  Boston;  Richard  Pearson  Strong,  of  Boston; 
Ernest  Edward  Tyzzer,  of  Wakefield. 

In  Class  III.,  Section  1  (Theology,  Philosophy  and  Jurisprudence) : — 

William  Howard  Taft,  of  New  Haven,  Conn. 

In  Class  III.,  Section  2  (Philology  and  Archaeology) : — 

William  Rosenzweig  Amqld,  of  Cambridge;  Jeremiah  Denis  Ma- 
thias  Ford,  of  Cambridge;  James  Haughton  Woods,  of  Cambridge. 

In  Class  III.,  Section  3  (Political  Economy  and  History) : — 

Henry  Walcott  Famam,  of  New  Haven,  Conn.;  Roger  Bigelow 
Merriman,  of  Cambridge;  George  Grafton  Wilson,  of  Cambridge; 
George  Parker  Winship,  of  Providence,  R.  I. 

In  Class  III.,  Section  4  (Literature  and  the  Fine  Arts) : — 

George  Pierce  Baker,  of  Cambridge;  William  Allan  Neilson,  of 
Cambridge;  Bliss  Perry,  of  Cambridge. 

The  following  gentlemen  were  elected  Foreign  Honorary  Members 
of  the  Academy : — 

In  Class  II.,  Section  1  (Geologv,  Mineralogy,  and  Physics  of  the 
Globe):— 
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Waldemar  Ghristofer  Br^gger,  of  Christiania,  Norway. 

In  Class  III.,  Section  2  (Philology  and  Archaeology) : — 

Alfred  Percival  Maudslay,  of  London,  England. 

In  Class  III.,  Section  4  (Literature  and  Fine  Arts) : — 

Sir  James  Augustus  Henry  Murray,  of  Oxford,  England. 

The  following  communieations  were  given: — 

Mr.  Hammond  Vinton  Hayes.  "  Government  Ownership  of  Tele- 
phones in  England." 

Dr.  William  Sturgis  Bigelow.     "  Details  of  the  Buddhist  System." 

The  following  paper  was  presented  by  title: — 

"The  Technique  of  High  Pressure  Experimenting."  By  P.  W. 
Bridgman. 

One  thouaand  and  thirtieth  meeting. 

February  11,  1914. —  Special  Meeting. 

The  Academy  met  at  its  House,  called  by  the  President  for  the 
purpose  of  making  an  appropriation  from  the  income  of  the  General 
Fund  for  the  use  of  the  Library. 

The  President  in  the  chair. 

There  were  thirty-seven  Fellows  present. 

The  following  letters  of  acceptance  of  Fellowship  were  presented 
by  the  Corresponding  Secretary:  —  from  W.  R.  Arnold,  G.  P.  Baker, 
R.  P.  Bigelow,  C.  L.  Bouton,  F.  T.  Bowles,  W.  H.  Burr,  Harvey  Gush- 
ing, H.  W.  Famam,  J.  D.  M.  Ford,  Rudolph  Hering,  H.  M.  Howe, 
J.  E.  Ives,  E.  P.  Kohler,  A.  B.  Lamb,  R.  B.  Merriman,  E.  F.  Miller, 
C.  L.  E.  Moore,  \V.  A.  Neilson,  W.  B.  Parsons,  Alexander  Smith,  C.  M. 
Spofford,  J.  O.  Stieglitz,  W.  H.  Taft,  E.  E.  Tyzzer,  H.  P.  WTiitlock, 
C.  H.  Williams,  G.  G.  Wilson,  G.  P.  W^inship,  J.  H.  Woods;  from 
A.  P.  Maudslay,  accepting  Foreign  Honorary  Membership. 

The  death  of  Sir  Da\id  Gill,  Foreign  Honorary  Member  in  Class  I., 
Section  1,  was  announced  by  the  chair. 

On  motion  of  the  Corresponding  Secretary,  it  was 

Votedf  To  appropriate  one  hundred  and  fifty  ($150.)  dollars  for 
Expenses  of  the  Library,  and  fifty  ($50.)  dollars  for  Books  and  Binding, 
from  the  income  of  the  General  Fund. 

On  the  recommendation  of  the  Council,  it  was 

Voted,  That  the  following  Standing  Vote  be  adopted: — 

There  may  be  chosen  by  the  Academy,  under  the  same  rules  by 
which  Fellows  are  now  chosen,  one  hundred  Resident  Associates. 
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i^  *      Not  more  than  forty  Resident  Associates  shall  be  chosen  in  any  one 

^  .       Class. 

i::  The  election  of  Resident  Associates  shall  be  for  a  term  of  three  years 

with  eligibility  for  reelection. 
/ii:.  Resident  Associates  shall  be  entitled  to  the  same  privileges  as  Fel- 

lows, in  the  use  of  the  Academy  building,  may  attend  meetings  and 
::  ^  ■       present  papers,  but  they  shall  not  have  the  right  to  vote.    They  shall 
pay  no  Admission  Fee,  and  their  Annual  Dues  shall  be  one-half  that 
,  f^         of  Fellows  residing  within  fifty  miles  of  Boston. 

The  Council  and  Committees  of  the  Academy  may  ask  one  or  more 
Resident  Associates  to  act  with  them  in  an  advisory  or  assistant  ca- 
pacity. 
The  following  communications  were  given: — 
"The  Relation  of  Samaji  to  the  Normal  Waking  Consciousness." 
By  W.  S.  Bigelow. 

"A  Note  on  the  Life  of  Victor  Schumann,  with  some  account  of 
recent  progress  in  the  Extreme  Ultra  Violet."     By  Professor  Theodore 
Lyman. 
The  following  paper  was  presented  by  title : — 
"  Types  of  Abnormal  Color  Vision."    By  Dr.  Louis  Bell. 


On*  thouMnd  and  thlxt7-flnt  Meeting. 

February  25,  1914.         • 

The  Academy  met  in  conjunction  with  the  Lawrence  Scientific 
Association  in  the  Testing-room  of  the  Submarine  Signal  Company, 
25  Atlantic  Avenue,  Boston. 

The  President  in  the  chair. 

There  were  sixteen  Fellows  and  many  members  and  guests  of  the 
Lawrence  Scientific  Association  present. 

The  following  communication  was  given:  — 

"Long  Distance  Submarine  Signalling  by  Dynamo-Electric  Ma- 
chinery."    By  Mr.  Reginald  A.  Fessenden. 

It  was 

Voted,  To  express  the  thanks  of  the  Academy  to  the  Submarine 
Signal  Co.  for  the  great  pri\ilege  extended  to  them  of  witnessing  at 
their  works  the  remarkable  experiments  of  Mr.  Fessenden. 
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One  thousand  and  t*iiity-tooond  Meeting. 

March  11,  1914. —  Stated  Meeting. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  thirty-nine  Fellows  present. 

The  following  letters  were  presented  by  the  Corresponding  Secre- 
tary:— from  J.  C.  Hubbard,  accepting  Fellowship;  from  W.  C.  Br<^gger 
and  Sir  James  Murray,  accepting  Foreign  Honorary  Membership; 
from  the  Royal  Society  of  Edinburgh,  asking  a  subscription  for  the 
proposed  celebration  of  the  tercentenary  ef  the  publication  of  John 
Napier's  "  Logarithmorum  Canonis  Mirifici  Descriptio";  to  be  held 
in  Edinburgh,  July  24, 1914;  from  the  Circolo  Matematico  di  Palermo, 
in\dting  the  Academy  to  be  represented  at  the  thirtieth  anniversary 
of  its  foundation,  to  be  held  April  14,  1914;  from  the  Deutsche 
Shakespeare  Gesellschaft,  inviting  the  Academy  to  be  represented  at 
its  fiftieth  anniversary,  April  22-24,  1914,  in  Weimar;  from  the 
Department  of  Fine  Arts  of  the  Panama-Pacific  International  Exposi- 
tion, inviting  the  Academy  to  hold  a  meeting  in  San  Francisco  during 
the  Expostion;  from  the  Academia  de  la  Historia,  Madrid,  requesting 
a  delegate  to  the  celebration  of  the  400th  anniversary  of  the  discovery 
of  the  Pacific,  to  be  held  at  Seville,  April  11-15, 1914. 

The  Chair  appointed  Professor  \V.  T.  Sedgwick  to  represent  the 
Academy  at  Seville. 

It  was 

Voted,  That  the  Academy  subscribe  £2  for  the  Napier  celebra- 
tion. 

On  the  recommendation  of  the  Council,  the  following  appropriations 
were  made  for  the  ensuing  year:  — 

From  the  General  Fund,  S5900.  to  be  used  as  follows :  — 
for  House  expenses  $1800. 

for  Library  expenses  1950. 

for  Books,  periodicals  and  binding  1000. 

for  Meeting  expenses  150. 

for  Treasurer's  office  600. 

for  General  expenses  400. 

From  the  income  of  the  Publication  Fund,  S2500.  to  be  used  for 
publication. 

From  the  income  of  the  Rumford  Fund,  S2952.70  to  be  used  as 
follows :  — 
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for  Research  $1000. 

for  Books,  periodicals  and  binding  200 . 

for  Publication  600. 

to  be  used  at  the  discretion  of  the  Committee      1 152 .  70 
From  the  Warren  Fund,  $800.  to  be  used  at  the  discretion  of  the 
Committee. 
It  was 

Voted,  To  transfer  the  sum  of  $50.  from  the  Rumford  Committee's 
appropriation  for  the  current  year  for  Publication,  to  the  appropria- 
tion for  Periodicals,  books  and  binding. 

The  Chair  appointed  the  following  Councillors  to  act  as  Nominating 
Committee:  — 

Robert  W.  Willson,  of  Class  I., 
Reginald  L.  Daly,  of  Class  II., 
Joseph  H.  Beale,  of  Class  III. 
It  was  . 

Voted,  That  the  President  appoint  a  representative  of  the  Academy, 
who,  in  conjunction  with  the  Librarian,  shall  confer  with  representa- 
tives of  the  Boston  Society,  of  Natural  History,  on  the  possibility  of 
cooperation  between  the  two  libraries. 

The  President  appointed  Archibald  C.  Coolidge. 
The  following  communications  were  given:  — 
"The  Antagonism  of  Emotional  States  and  the  Significance  as 
suggested  by  Recent  Physiological   Researches."     By   Dr.   \V.   B. 
Cannon. 

"The  Motion  of  a  Radiating  Oscillator."     By  Professor  Edwin  B. 
Wilson. 
The  following  papers  were  presented  by  title:  — 
"The  Demagnetizing  Factors  of  Cylindrical  Rods  in  High,  Uniform 
Fields."    By  B.  O.  Peirce. 

"  On  Electric  Conduction  and  Thermo-electric  Action  in  Metals."  By 
Edwin  H.  Hall. 

One  tbouiand  and  thJrtj-third  Meeting. 

March  16,  1914. —  Special  Meeting. 

The  Academy  met  at  its  House,  called  by  the  President  for  the 
purpose  of  making  an  appropriation. 

The  President  in  the  chair. 

There  were  twenty-two  Fellows  present. 

It  was 

Voted,  To  appropriate,  from  the  income  of  the  Publication  Fund 
for  publication  during  the  current  year,  the  sum  of  $609.72. 
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One  thouiand  and  thlxtr-fourth  Meettng. 

March  25,  1914. —  Special  Meeting. 

The  Academy  met  at  its  House,  in  conjunction  with  the  Depart- 
ments of  Geology  of  Hansard  University  and  the  Massachusetts 
Institute  of  Teclmology. 

The  President  in  the  chair. 

There  were  twenty-eight  Fellows  and  many  guests  present. 

The  following  communication  was  given  by  Dr.  Arthur  L.  Day, 
Director  of  the  Geophysical  Laboratory  at  Washington. 

"Observations  of  the  Volcano  Kilauea  (Hawaii)  in  action." 

At  the  conclusion  of  the  Paper,  adjournment  was  made  to  the  third 
floor,  where  refreshments  were  served. 


One  thousand  and  thlxtr-flfth  Meeting. 

April  8,  1914. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  thirty-nine  Fellows,  with  Guests  present. 

The  Corresponding  Secretary  presented  the  following  correspon- 
dence: from  R.  P.  Strong  and  J.  H.  Hammond,  accepting  Fellowship; 
from  H.  A.  Carson  and  Bliss  Perry,  declining  Fellowship;  from  R.  S. 
Peabody,  resigning  Fellowship;  from  the  Naturwissenschaftliche 
Verein,  Karlsruhe,  announcing  its  fiftieth  anniversary;  from  the 
Deutsche  Shakespeare  Gesellschaft,  Weimar,  giving  a  program  of  its 
fiftieth  anniversary  celebration. 

The  Chair  announced  the  death  of  Edward  S.  Holden,  Fellow  in 
Class  I.,  Section  1. 

The  following  Communication  was  given: — 

"  Demonstration  of  a  New  X-ray  Tube,  devised  by  W.  D.  Coolidge, 
and  a  consideration  of  some  Measurements  relating  to  Quality  as  well 
as  Quantity  of  X-light."     By  Dr.  Francis  H.  Williams. 

After  an  extended  discussion,  participated  in  by  the  President, 
Corresponding  Secretary,  Vice-President  Thomson,  Professor  Webster, 
the  author  of  the  paper  and  others,  adjournment  was  made  to  the 
third  floor,  where  refreshments  were  served. 
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One  thouiand  and  thirty-tizth  Meeting. 

May  13,  1914. —  Annual  Meeting. 

The  Academy  met  at  its  House. 

The  President  in  the  chair. 

There  were  forty-five  Fellows  present. 

The  following  letters  were  read: —  from  the  University  of  Missouri, 
inviting  the  Academy  to  be  represented  at  its  seventy-fifth  anniver- 
sary, June  3,  1914;  from  the  President  of  the  committee  of  the  fourth 
centennial  of  the  discovery  of  the  Pacific,  thanking  the  Academy  for 
the  designation  of  Professor  W.  T.  Sedgwick  as  its  delegate;  from  the 
editor  of  the  Danish  Weekly  "Nordlyset"  published  in  New  York 
city,  asking  for  an  expression  of  welcome  to  Dr.  Georg  Brandes,  a 
Foreign  Honorary  Member,  who  is  expected  in  New  York;  from  the 
Comit^  International  de  la  M^daille  et  de  la  Fondation  Henri  Poincar^, 
requesting  a  list  of  members,  with  a  view  to  soliciting  subscriptions. 

The  following  deaths  were  announced  by  the  Chair: — 

Sir  John  Murray,  Foreign  Honorary  Member  in  Class  II.,  Section  1 ; 
George  William  Hill,  Fellow  in  Class  I.,  Section  1;  Alfred  Noble, 
Fellow  in  Class  I.,  Section  4;  Charles  Pickering  Putnam,  Fellow  in 
Class  II.,  Section  4;  Charles  Santiago  Sanders  Peirce,  Fellow  in  Class 
III.,  Section  1. 

The  following  report  of  the  Council  was  presented: — 

Since  the  last  report  of  the  Council,  there  have  been  reported  the 
deaths  of  eleven  Fellows : —  Okakura-Kakuzo,  Francis  Bartlett,  Regi- 
nald Heber  Fitz,  Seth  Carlo  Chandler,  Silas  Weir  Mitchell,  Benjamin 
Osgood  Peirce,  Edward  Singleton  Holden,  Charles  Pickering  Putnam, 
George  William  Hill,  Alfred  Noble  and  Charles  Santiago  Sanders 
Peirce;  and  of  two  Foreign  Honorary  Members: —  Sir  Da\'id  Gill  and 
Sir  John  Murray. 

Two  Fellows  have  resigned: —  Edward  Channing  and  Robert  Swain 
Peabody. 

Seventy-one  Fellows  have  been  elected,  of  which  number  five  have 
declined  Fellowship,  two  have  not  yet  accepted  election. 

Three  Foreign  Honorary  Members  have  been  elected. 

The  roll  now  includes  387  Fellows  and  55  Foreign  Honorary  Mem- 
bers. 

The  annual  report  of  the  Treasurer  was  read,  of  which  the  following 
is  an  abstract: — 
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General  Fund. 

Receipts. 

Balance,  April  1,  1913    .......  $517.16 

Investments 2,638.46 

Assessments 2,480.00 

Admissions       610.00 

Sundries _  10.00         $6,255.62 

Expenditures. 

Expenses  of  Library $2,986.47 

Expense  of  House 1,696.36 

Expense  of  Meetings 208.61 

Treasurer 186.57 

Insurance 110.80 

Fireproofing 241.03 

General  Expenses  of  Society 378.56 

Interest  on  Bonds,  bought 6.39 

Income  transferred  ot  principal  ....  221.73         $6,036.52 

Balance,  April  1,  1914 219.10 

$6,255.62 

RuMFORD  Fund. 

Receipts. 

Balance,  April  1,  1913 $1,735.65 

Investments 3,190.36 

Sale  of  Publications 22.50         $4,948.51 

ExpenMures. 

Research $1,600.00 

Books,  periodicals  and  binding    ....  263.91 

Publication       669.38 

Medals 400.00 

Prof.  Richards  for  Table  of  Constants      .  100.00 

Sundries 1.00 

Income  transferred  to  principal   ....  150.39         $3,184.68 

Balance,  April  1,  1914 '                    1,763.83 

$4,948.51 
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C.  M.  Warren  Fund. 

Receipts. 

Balance,  April  1,  1913 8737.04 

$1,702.24 
Investments 965.20 

Expenditures. 

Research 8275.00 

Vault  rent,  part 4.00 

Income  transferred  to  principal   ....  32.22  8311.22 

Balance,  April  1,  1914 1,391.02 

81,702.24 

PuBUCATioN  Fund. 
Receipts. 

Balance,  April  1,  1913 81,067.04 

Appleton  Fund  investments 844.26 

Centennial  Fund  investments      ....  2,388.49 

Sale  of  Publications       249.86         84,549.65 

Expenditures. 

Publications 84,375.82 

Vault  rent,  part 12.50 

Income  transferred  to  principal   ....  156.27         84,544.59 

Balance,  April  1,  1914 5.06 

84,549.65 
May  13.  1914. 
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The  following  reports  were  also  presented : — 

Report  of  the  Library  Committee. 

The  general  cataloguing  of  books  in  the  Library  has  recently  been 
brought  up  to  date,  and  can  probably  be  now  maintained  with  mode- 
rate effort. 

The  large  collection  of  pamphlets  is  filed  alphabetically,  and  it  has 
not  yet  seemed  that  the  considerable  cost  of  cataloguing  it  would  be 
justified. 

The  most  important  work  now  awaiting  attention  is  that  of  filling 
gaps  in  our  serial  publications,  and  as  time  permits,  attention  will  be 
concentrated  upon  this.  The  labor  and  time  which  may  be  expended 
in  this  direction  are  naturally  almost  unlimited. 

Supplementing  previous  action  of  the  Council,  the  Librarian  has 
endeavored,  by  correspondence  and  conferences  to  enlist  interest  in  the 
publication  by  the  Library  of  Congress  or  the  Carnegie  Institution  of 
the  Handbook  of  the  Learned  Societies  of  the  Old  Worid.  It  seems 
unlikely  that  any  progress  can  be  made,  however,  in  the  near  future. 

Mr.  Thomas  J.  Homer  of  Boston,  with  the  support  of  this  and  other 
libraries,  is  working  on  a  new  edition  of  the  list  of  periodicals  currently 
received  by  the  principal  libraries  in  this  vicinity. 

Plans  for  cooperation  with  the  Ubrary  of  the  Boston  Society  of 
Natural  History  are  under  consideration  by  a  joint  committee. 

A  valuable  collection  of  manuscripts  of  tiie  late  Professor  Benjamin 
Peirce  has  recently  been  received  from  his  heirs  for  care  and  safe- 
keeping, which  will  doubtless  be  permanent. 

A  copy  of  the  eleventh  edition  of  the  Encyclopedia  Britannica  has 
been  placed  in  the  Reading  Room. 

The  British  Academy  and  the  Cardiff  (Wales)  Naturalists'  Society 
have  been  added  to  our  exchange  list. 

During  the  year,  107  books  have  been  borrowed  from  the  Library 
by  26  persons,  including  17  Fellows  and  2  libraries.  All  but  7  books 
have  been  returned  for  examination,  or  satisfactorily  accounted  for. 

The  number  of  bound  volmnes  on  the  shelves  at  the  time  of  the  last 
report  was  32,715.  960  volumes  have  been  added  during  the  past 
year,  making  the  number  now  on  the  shelves  33,675.  This  includes 
91  purchased  from  the  income  of  the  General  Fund,  23  from  that  of 
the  Rumford  Fund,  and  846  received  by  gift  or  exchange. 

265  of  the  last  mentioned  are  brochures,  placed  on  the  shelves  in 
pamphlet  covers.     The  pamphlets  added  during  the  year  number  453. 
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The  expenses  charged  to  the  Library  during  the  same  period  are:  — 
Salaries,  including  that  of  the  Assistant  Librarian,  whose  time  is 
devoted  largely  to  other  services  of  the  Academy,   .     .     $1493.88 
Binding: 

General  Fund 620.90 

Rumford  Fund       66.65 

Purchase  of  periodicals  and  books: 

General  Fund 673.80 

Rumford  Fund       197.26 

Miscellaneous, 197.89 

Total  $3250.38 

Following  is  a  list  of  periodicals  purchased  for  the  Library:  — 

Academy. 
R    Annalen  der  Physik  und  Chemie. 
R  "  "        "  "        "        Beiblatter. 

Annales  de  Chimie. 
R    Annales  de  Physique. 

Annales  des  Mines. 

Annales  des  Ponts  et  Chauss^. 

Annales  des  Sciences  Naturelles  Botanique. 

Zoologie. 

Annab  and  Magazine  of  Natural  History. 

Ann^  Scientifique  et  Industrielle. 

Archiv  fur  Anatomic  imd  Physiologic. 

Archiv  fur  mikroskopische  Anatomic. 

Astronomical  Journal. 

Astronomische  Nachrichten. 

Berliner  Astronomisches  Jahrbuch. 
R    Central-Zeitung  fiir  Optik  u.  Mechanik. 

Chemical  News. 
R    Comptes  Rendus. 

Curtis's  Botanical  Magazine. 

Deutsche  Chemische  Gesellschaft.  Berichte. 
R    Dinglers  Polytechnisches  Journal. 

Ecole  Normale  Sup.  Annales  Scientifique. 
R     Elektrotechnische  Zeitschrift. 

Engineering. 
R    Fortschritte  der  Elektrotechnik. 
R    Fortschritte  der  Physik. 

Geological  Magazine. 

International  Cat.  of  Scientific  Lit. 
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Jahrbuch  der  Chemie  (Meyer). 
R    Jahrbuch  fiir  Photographie. 
t^    Jahrbuch  u.  d.  Fortschritte  der  Mathematik. 

Jahresbericht  der  Gesammten  Medicin. 

Jahresbericht  u.  d.  Fortschritte  der  Chemie. 
J    Journal  de  rAnatomie  et  de  la  Physiologic. 

Journal  de  Math^matiques. 
R    Journal  de  Physique. 

Journal  fiir  praktische  Chemie. 

Journal  of  Morphology. 

Justus  Liebig's  Annalen  der  Chemie. 
R    London,  Edin.  &  Dub.  Philosophical  Mag. 
R    Lumifere  Electrique. 

Minerva. 

Monatshefte  fiir  Mathematik  u.  Physik. 

Mycologia. 

Neues  Jahrbuch  fiir  Mineralogie. 

Beilage. 

Nouvelles  Annales  de  Math^matiques. 

Nuovo  Cimento. 

Petermann's  Mitteilungen. 
R    Physikalische  Zeitschrift. 
R    Quarterly  Journal  of  Microscopical  Sci. 

Revue  G^n^rale  des  Sciences. 

Science. 

Wer  ist's. 

Who's  who. 

WTio's  who  in  America. 
R    Wilson's  Photographic  Magazine. 

Zeitschrift  fiir  Analytische  Chemie. 

Zeitschrift  fiir  Biologic. 

Zeitschrift  fiir  Elektrochemie. 
R    Zeitschrift  fiir  Instrumentenkunde. 

The  use  of  the  Library,  while  slightly  larger  than  in  previous  years, 
is  still  far  short  of  what  it  might  be.  It  is  hoped  that  members  of  the 
Academy  may,  as  opportunity  offers,  bring  the  resources  of  the 
Library  to  the  knowledge  of  scholars  in  need  of  them.  The  new 
parcel  post  regulations  should  facilitate  a  somewhat  wider  service. 

H.  W.  Tyler,  Librarian, 

May  13,  1914. 

R    Rurchased  from  the  income  of  the  Rumford  Fund. 


Digitized  by 


GooglQ 


RECORDS  OF  MEETINGS.  665 


Report  of  the  Rumford  ^Committee. 

During  the  present  year,  grants  have  been  made  in  aid  of  research 
as  follows: — 

October  8,  1913,  to  Professor  Gilbert  N.  Lewis,  of  the  Uni- 
versity of  California,  in  aid  of  his  researches  on  the  "  Free  Energy        | 
Changes  in  Chemical  Reactions"  (additional) $300 

To  Professor  William  O.  Sawtelle,  of  Haverford  College,  in  aid 
of  his  research  on  the  "  Spectra  of  the  Light  from  the  Spark  in  an 
Oscillatory  Discharge"  (additional) 300 

To  Professor  Harvey  N.  Davis,  of  Harvard  University,  in  aid 
of  various  thermodynamical  researches 200 

November  12,  1913,  to  Professor  Louis  V.  King,  of  McGill 
University,  to  defray  expenses  of  computation  for  his  research  on 
the  "Scattering  and  Absorption  of  Solar  Radiations  in  the 
Earth's  Atmosphere"       250 

January  14, 1914,  to  Professor  Alpheus  W.  Smith,  of  Ohio  State 
University,  in  aid  of  his  research  on  the  "  Hall  and  Nemst  Effect 
in  the  Rare  Metals." 1§0 

To  Professor  Charles  G.  Abbott  of  the  Smithsonian  Astrophys- 
ical  Observatory,  in  aid  of  his  research  on  the  "  Application  of 
Solar  Heat  to  Domestic  Purposes." 150 

April  8,  1914,  to  Professor  P.  W.  Bridgman,  of  Harvard  Uni- 
versity, in  aid  of  his  thermodynamical  researches  at  high  pres- 
sures       250 

Reports  of  progress  in  their  several  researches  have  been  re- 
ceived from  the  following  persons:  C.  G.  Abbott,  P.  W.  Bridg- 
man, W.  W.  Campbell,  A.  L.  Clark,  D.  F.  Comstock,  H.  N. 
Davis,  E.  B.  Frost,  F.  E.  Kester,  F.  G.  Keyes,  L.  V.  King,  E.  F. 
Nichols,  E.  L.  Nichols,  C.  L.  Norton,  J.  A.  Parkhurst,  T.  W. 
Richards,  G.  W.  Ritchey,  F.  A.  Saunders,  W.  O.  Sawtelle,  A.  W. 
Smith,  F.  W.  Very,  A.  G.  Webster,  and  R.  W.  Wood. 

The  following  papers  have  been  published  in  Volume  49  of  the  Pro- 
ceedings of  the  Academy  with  aid  from  the  Rumford  Fund  since  the 
last  annual  meeting. 

No.  1.  "  Thermod>Tiamic  Properties  of  Twelve  Liquids  be- 
tween 20°  and  80°  and  up  to  12,000  Kgm.  per  Sq. 
Cm.,"  by  P.  W.  Bridgman. 
No.  4.  "An  improved  Method  for  Determining  Specific 
Heats  of  Liquids,  with  Data  concerning  Dilute 
Hydrochloric,  Hydrobromic,  Hydriodic,  Nitric,  and 
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Perchloric  Acids  and  Lithium,  Sodium  and  Potassium 
Hydroxides,"  by  T.  W.  Richards  and  A.  W.  Rowe. 
No.  11.     "The  Technique  of  High  Pressure  Experimenting/' 
by  P.  W.  Bridgman. 
At  the  meeting  of  March  11,  1914,  it  was  unanimously  voted  for  the 
first  time  and  at  the  meeting  of  April  8,  1914,  for  the  second  time  to 
reconunend  to  the  Academy  that  the  Rumford  Premium  be  awarded 
to  William  David  Coolidge  for  his  invention  of  Ductile  Tungsten 
and  its  application  in  the  production  of  Radiation. 

Charles  R.  Cross,  Chairman, 
May  13,  1914. 

Report  of  the  C.  M.  Warren  Committee. 

The  C.  M.  Warren  Committee  begs  to  report  that  there  was  an 
unexpended  balance  of  the  appropriation  for  the  use  of  the  Committee 
of  $360  at  the  beginning  of  the  year.  In  addition  to  this,  the  sum  of 
$500  was  appropriated  by  the  Academy. 

During  the  year  three  grants  have  been  made,  one  an  additional 
grant  of  $50  to  Professor  E.  W.  Washburn,  for  use  in  connection  with 
an  adiabatic  calorimeter;  a  grant  of  $225  to  Professor  R.  F.  Brunei 
for  work  on  equilibria  in  organic  reactions  where  optically  active 
radicals  are  concerned;  and  $200  to  Professor  S.  Lawrence  Bigelow 
for  study  of  osmotic  membranes. 

The  Committee  has  received  satisfactory  reports  of  progress  from 
most  of  those  who  have  received  grants  from  the  Fund. 
Respectfully  submitted, 

H.  P.  Talbot,  Chairman, 

May  13,  1914. 

Report  of  the  Publication  Committee. 

Between  April  1,  1913,  and  April  1,  1914,  there  were  published  four 
numbers  of  Volume  XLVIII  (Nos.  18  to  21  inclusive),  eleven  numbers 
of  Volume  XLIX  of  the  Proceedings,  and  one  Memoir  (Volume  14, 
No.  1)  making  in  all  859  pages. 

There  was  available  for  the  use  of  the  Publication  Committee  an 
unexpended  balance  from  last  year  of  $1067.04,  an  appropriation  of 
$2500  and  an  additional  appropriation  of  $609.72,  and  an  amount  of 
$249.86  from  the  sales  of  publications  —  in  all,  $4,425.62  from  the 
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Publication  Fund  and  sales.  Bills  against  this  appropriation  to  the 
amount  of  $4,422.44  have  been  approved  by  the  Chairman.  This 
leaves  an  unexpended  balance  of  $4.18. 

Bills  aggregating  $522.51,  incurred  in  publishing  papers  on  light 
and  heat,  have  been  referred  to  the  Rumford  Committee  for  payment 
from  the  Rumford  Fund  in  accordance  with  authority  of  the  Chairman 
of  that  Committee. 

G.  W.  Pierce,  Chairman, 

May  13.  1914. 

Report  of  the  House  Committee, 

The  House  Committee  submits  the  following  report  for  the  year 
1913-1914: 

The  Committee  had  at  its  disposal  at  the  beginning  of  the  year  a 
balance  of  $15.22.  The  appropriations  by  the  Academy  for  the  year 
amounted  to  $1700,  makmg  a  total  of  $1715.22.  Of  this  sum  $1,696.36 
has  been  expended,  which  may  be  summarized  as  follows : 

Janitor $725.00 

Electricity,  A.    (Light        96.78 

B.    (Elevator 44.80 

Gas  .  8.28 

Water 12.60 

Telephone 75.39 

Coal,      ( Furnace,  60  tons 413.98 

( Water  heater,  4  tons 30.50 

Ash  tickets 14.35 

Care  of  Elevator 33.33 

Ice       14.40 

Janitor's  materials 10.34 

Furniture 205.10 

Up-keep       •.     .     11.51 

Total  expenditure $1,696.36 

Appropriated 1,715.22 

Unexpended  balance       $98.86 

During  the  year  the  Academy  has  held  eight  regular  and  two  special 
meetings  in  the  buildings,  and  the  small  rooms  have  been  used  by 
Councils  and  Committees.  The  Colonial  Society  has  held  its  meetings 
in  the  building  during  the  year,  and  the  American  Oriental  Society 
held  all  day  sessions  on  April  16th  and  17th.     The  arrangement  of  the 
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previous  year  with  respect  to  janitorial  service  has  been  continued 
with  satisfactory  results.  The  building  has  been  open  during  the 
same  hours,  namely,  from  8  a.  m.  to  5  p.  M.,  and  1  p.  m.  on  Saturdays 
The  Committee  has  received  no  suggestions  regarding  any  change  of 
hours  from  the  members  of  the  Academy. 

The  Committee  again  desires  to  express  its  sense  of  obligation  to 
Mrs.  Holden,  the  assistant  librarian,  for  her  cooperation  and  assis- 
tance. 

Respectfully  submitted, 

H.   P.   Talbot,   Chairman, 

May  13,  1914. 

On  the  recommendation  of  the  Rumford  Committee,  it  was 

Voted,  To  award  the  Rumford  Premium  to  Dr.  William  Da\id 
Coolidge,  of  Schenectady,  N.  Y.,  for  his  invention  of  Ductile  Tungsten 
and  its  Application  in  the  Production  of  Radiation. 

On  motion  of  the  Treasurer,  it  was 

Voted,  That  the  Annual  Assessment  be  ten  (10)  dollars. 

The  annual  election  resulted  in  the  choice  of  the  following  officers 
and  committees:  — 

John  Trowbridge,  President, 

Elihu  Thomson,  Vice-President  for  Class  L 

Henry  P.  Walcott,  Vice-President  for  Class  I L 

A.  Lawrence  Lowell,  Vice-President  for  Class  III. 

Edwin  H.  Hall,  Corresponding  Secretary. 

William  Watson,  Recording  Secretary. 

Charles  P.  Bowditch,   Treasurer. 

Harry  W.  Tyler,  Librarian. 

Councillors  for  Four  Years. 

Frederick  S.  Woods,  of  Class  L 
Alfred  C.  Lane,  of  Class  H. 
Samuel  Williston,  of  Class  HI. 

Councillor  for   Three   Years,  in  place  of  G.  L.  Kittredge,  resigned. 
William  S.  Bigelow,  of  Class  HL 

Finance  Committee. 

John  Trowbridge,  Gardiner  M.  Lane, 

John  Collins  Warren. 
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Rum  ford  Committee, 

Charles  R.  Cross,  Erasmus  D.  Leavitt, 

Edward  C.  Pickering,  Elihu  Thomson, 

Arthur  G.  Webster,  Louis  Bell, 

Arthur  A.  Noyes. 

C.  M.  Warren  Committee, 

Henry  P.  Talbot,  Walter  L.  Jennings, 

Charles  L.  Jackson,  Gregory  P.  Baxter, 

Arthur  A.  Noyes,  James  F.  Norris, 

WiLUAM  H.  Walker. 

Publication  Committee, 

George  W.  Pierce,  of  Class  I. 
Walter  B.  Cannon,  of  Class  II. 
Albert  A.  Howard,  of  Class  III. 

Library  Committee. 

Harry  M.  Goodwin,  of  Class  I. 
Samuel  Henshaw,  of  Class  II. 
William  C.  Lane,  of  Class  III. 

House  Committee. 

Henry  P.  Talbot,  Louis  Derr, 

Hammond  V.  Hayes. 

Committee  on  Meetings, 

The  President,  The  Recording  Secretary 

William  M.  Davis,  Wallace  C.  Sabine 

Arthur  Fairbanks. 

A uditing  Comm ittee. 
Eliot  C.  Clarke,  Worthington  C.  Ford. 

The  following  gentlemen  were  elected  Fellows  of  the  Academy, — 
a  printed  list  of  nominees  having  been  sent  to  all  Voting  Fellows  with 
the  notice  of  the  April  meeting,  in  accordance  with  Chapter  IIL, 
Article  3,  of  the  Statutes:  — 
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In  Class  I.,  Section  1  (Mathematics  and  Astronomy) :  — 

Roland  George  Dwight  Richardson,  of  Providence. 

In  Class  I.,  Section  2  (Physics) :  — 

William  Johnson  Drisko,  of  Boston;  William  Duane,  of  Boston; 
Charles  Clifford  Hutchins,  of  Bruns^i'ick,  Me. ;  Ernest  George  Merritt, 
of  Ithaca,  N.  Y.;  Dayton  Clarence  Miller,  of  Cleveland,  O.;  Robert 
Andrews  Millikan,  of  Chicago. 

Class  I.,  Section  3  (Chemistry) :  — 

Marston  Taylor  Bogert,  of  New  York;  Harmon  Northup  Morse, 
of  Baltimore;  Thomas  Burr  Osborne,  of  New  Haven;  Samuel  Cate 
Prescott,  of  Brookline;  Martin  Andr^  Rosanoff,  of  Worcester. 

Class  I.,  Section  4  (Technology  and  Engineering) :  — 

Alexander  Crombie  Humphreys,  of  New  York;  Edward  Dyer 
Peters,  of  Dorchester;  George  Chandler  Whipple,  of  Cambridge. 

Class  II.,  Section  1  (Geology,  Mineralogy  and  Physics  of  the  Globe) : 

Louis  Caryl  Graton,  of  Cambridge. 

Class  II.,  Section  2  (Botany) :  — 

George  Perkins  Clinton,  of  New  Haven;  Fred  Dayton  Lambert,  of 
Tufts  College;  Burton  Edward  Livingston,  of  Baltimore;  George 
Richard  Lyman,  of  Hanover,  N.  H.;  Alfred  Rehder,  of  Jamaica  Plain; 
Erwin  Frink  Smith,  of  Washington. 

Class  II.,  Section  3  (Zoology  and  Physiology) :  — 

Edwin  Grant  Conklin,  of  Princeton;  Herbert  Spencer  Jennings,  of 
Baltimore;  Ralph  Stayner  Lillie,  of  Worcester;  Jacques  Loeb,  of 
New  York;  Herbert  Vincent  Neal,  of  Tufts  College. 

Class  II.,  Section  4  (Medicine  and  Surgery) :  — 

Alexis  Carrel,  of  New  York;  Charles  Value  Chapin,  of  Providence; 
Frederick  Cheever  Shattuck,  of  Boston;  Frederick  Herman  Verhoeff, 
of  Boston. 

Class  III.,  Section  1  (Theology,  Philosophy  and  Jurisprudence) :  — 

James  De  Normandie,  of  Roxbury;  George  Angier  Gordon,  of  Bos- 
ton; John  Wilkes  Hammond,  of  Cambridge;  Alfred  Hemenway,  of  Bos- 
ton; Nathan  Matthews,  of  Boston;  William  Cushing  Wait,  of  Med- 
ford;  Eugene  W^ambaugh,  of  Cambridge;  John  Henry  Wigmore,  of 
Chicago. 

Class  III.,  Section  2  (Philology  and  Archaeology) :  — 

Francis  Greenleaf  Allinson,  of  Providence;  Maurice  Bloomfield,  of 
Baltimore;  Bert  Hodge  Hill,  of  Athens,  Greece;  George  Andrew 
Reisner,  of  Cambridge. 

Class  III.,  Section  4  (Literature  and  the  Fine  Arts) :  — 

Ellery  Sedgwick,  of  Boston;  Owen  Wister,  of  Philadelphia. 
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The  following  gentlemen  were  elected  Foreign  Honorary  Mem- 
bers:— 

In  Class  I.,  Section  1  (Mathematics  and  Astronomy) :  — 

Johann  Oskar  Backlimd,  of  St.  Petersburg. 

In  Class  I.,  Section  2  (Physics) :  — 

Max  Planck,  of  Berlin. 

In  Class  I.,  Section  3  (Chemistry) :  — 

Fritz  Haber,  of  Beriin;  Walter  Nemst,  of  Beriin. 

In  Class  II.,  Section  1  (Geology,  Mineralogy  and  Physics  of  the 
Globe):  — 

Viktor  Goldschmidt,  of  Heidelberg,  Germany. 

In  Class  II.,  Section  2  (Botany) :  —  ^ 

John  Briquet,  of  Geneva,  Switzeriand;  Ignatz  Urban,  of  Beriin; 
Eugene  Warming,  of  Copenhagen. 

In  Class  III.,  Section  4  (Literature  and  the  Fine  Arts) :  — 

Sir  Sidney  Lee,  of  London. 

The  following  communication  was  given:  — 

Professor  R.  DeC.  Ward.  "The  Weather  Element  in  the  Climate 
of  New  England." 

The  following  papers  were  presented  by  title:  — 

"The  Pathological  Action  of  Radiant  Energy  on  the  Eye."  By  F. 
H.  Verhoeff.     Presented  by  Louis  Bell. 

"  The  Influence  of  the  Magnetic  Characteristics  of  the  Iron  Core  of 
an  Induction  Coil  upon  the  Manner  of  Establishment  of  a  Steady 
Current  in  the  Primary  Circuit."     By  B.  Osgood  Peirce. 

"  Laboulbeniales  Parasitic  on  Chrysomelidae."  By  Roland  Thax- 
ter. 
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OLIVER  FAIRFIELD  WADSWORTH. 

Born,  Boston,  April  26,  1838. 
Died,  Boston,  November  29,  1911. 

Fellow  of  the  American  Academy  of  Arts  and  Sciences 
Class  2,  Section  4,  January  11,  1899. 

Among  Dr.  Wadsworth's  dominant  characteristics  were  his  fairness, 
his  kindliness  and  his  accuracy  in  observation  and  in  statement;  his 
fairness  was  exemplified  in  the  justice  of  his  appreciation  of  the  work 
of  his  fellows  in  school,  in  college,  and  in  professional  life;  his  kindli- 
ness in  the  numberless  human  contacts  which  were  a  part  of  the 
experience  of  his  hospital  and  private  practice,  extending  over  nearly 
half  a  century,  and  his  accuracy  was  traceable  to  a  parentage  which 
made  exactitude  a  daily  practice  and  a  continuous  obligation. 

Graduating  from  Harvard  College  in  1860,  and  not  altogether 
satisfied  with  his  own  estimate  of  the  value  of  his  work  there,  although 
he  had  excelled  in  some  of  his  studies  and  been  always  a  joyous  parti- 
cipator, and  one  of  the  leaders,  in  athletics,  desirous  of  strenuous 
effort  at  accomplishment,  he  departed  from  accustomed  and  easy 
vays  and  made  out  into  the  then  new  west,  taking  up  land  near  Den- 
ver and  entering  upon  a  farming  proposition  including  the  construc- 
tion of  an  irrigating  system  sufficient  in  extent  to  occupy  the  major 
part  of  his  two  years  of  residence  there.  To  the  planning  and  execu- 
tion of  this  work  there  must  have  been  applied  the  inherent  traits 
exhibited  by  his  father  in  the  admirable  surveys,  which  are  a  synonym 
for  reliability,  faculties  which  showed  themselves  later  in  Dr.  Wads- 
worth  in  other  ways.  The  journey  westward,  a  part  of  it  in  the  most 
primitive  of  conveyances,  and  the  self  enforced  residence  with  a  stated 
task,  was  penitential  in  that  it  sought  to  wrest  something  tangible 
from  his  graduate  days  in  compensation  for  what  he  deemed  to  have 
been  lack  of  success  in  his  undergraduate  career.  That  this  opinion 
was  bom  of  Dr.  Wads  worth's  moderate  estimate  of  himself,  as  con- 
trasted with  his  sense  of  duty  and  his  aspirations,  is  set  forth  by  the 
opinion  of  his  classmates  and,  more  authoritatively,  in  the  recorded 
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word  of  the  then  president  of  Harvard  College,  in  a  letter  bearing 
date  June  8,  1860. 

"  I  have  great  pleasure  in  stating  that  Mr.  Oliver  F.  Wadsworth, 
a  member  of  Ae  present  senior  class,  is  much  esteemed  by  the 
faculty  of  the  college  as  a  gentleman  of  high  and  honorable 
character,  and  worthy  of  the  confidence  and  respect  of  any 
community  in  which  he  may  establish  himself.  He  has  been 
faithful  to  his  duties,  agreeable  in  his  maimers  and  amiable  in 
temper.  I  have  much  satisfaction  in  commending  him  to  the 
associates  he  may  be  connected  with  in  his  new  residence.  I  am 
sure  they  will  find  him  not  only  a  well-educated  young  man,  but 
what  is  better  still,  a  gentleman  of  honor  and  integrity,  and 
deserving  their  high  regard." 

(signed)  C.  C.  Felton, 

President  of  Harvard  College. 

Whatever  else  the  adventure  into  the  west  may  have  accomplished, 
it  afforded  a  new  consideration  of  the  uses  of  life  and  an  opportunity 
for  maturing  reflection  which  led  him,  upon  the  basis  of  a  predilection, 
to  turn  to  the  study  of  medicine  as  a  means  for  the  expression  of  his 
desire  in  life  and  he  entered  the  Harvard  Medical  School  in  March, 
1862. 

During  the  summer  of  that  year  he  assisted  in  removing  northward 
sick  and  wounded  prisoners  of  the  Peninsular  Campaign  under  the 
auspices  of  the  Sanitary  Commission.  In  1864  he  was  made  a  house 
officer  in  the  Massachusetts  General  Hospital  and  graduated  from  the 
Harvard  Medical  School  to  be  immediately  commissioned  Assistant 
Surgeon  of  the  Fifth  Massachusetts  Cavalry.  In  July  of  the  same 
year  he  was  detailed  for  special  duty  at  headquarters  Twenty-Fifth 
Army  Corps  and  remained  in  service  until  the  mustering  out  of  his 
regiment  at  the  close  of  the  war,  being  breveted  captain  in  recogni- 
tion of  his  fidelity  to  duty  and  the  care  which  he  bestowed  upon  the 
details  of  his  work. 

Deciding  to  devote  himself  to  ophthalmology  he  went  abroad  to 
study  in  February  1869,  returning  in  November  1870  to  take  up  the 
practice  of  his  chosen  specialty.  Almost  immediately  upon  his 
return  he  was  made  Ophthalmic  Surgeon  to  the  Boston  City  Hospital 
and  in  1874  Ophthalmic  Surgeon  to  out-patients  of  the  Massachu- 
setts General  Hospital,  in  1881  he  was  appointed  clinical  instructor 
and  in  1895  professor  in  the  Harvard  Medical  School  and,  in  the  same 
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year,  Ophthalmic  Surgeon  to  the  Massachusetts  Charitable  Eye  and 
Ear  Infirmary. 

In  all  these  positions  he  displayed  the  same  care,  patience,  tact, 
and  skill,  and  his  reputation  as  a  practitioner  and  diagnostician  was 
enhanced  by  his  clarity  as  a  teacher  for,  scrupulously  careful  as  he  was 
himself  in  all  his  observations,  he  was  equally  patient  in  the  demon- 
stration of  his  ascertained  facts  and  in  the  training  of  his  students. 
He  was  an  active  member  and,  for  a  time,  president  of  the  New  Eng- 
land Ophthalmological  Society  and  both  there  and  in  his  papers 
before  the  Boston  Society  of  Medical  Sciences  displayed  in  the  dis- 
cussion of  mathematical  subjects  an  ability  which  won  him  the 
confidence  of  his  compeers.  As  a  member  of  the  American  Ophthal- 
mological Society  he  was  a  valuable  contributor  in  its  meetings, 
quite  as  much  in  the  way  of  discussion  of  other  papers  as  in  the  care- 
fully prepared  communications  which  he  himself  presented  for  he  was 
strenuous  in  argument,  keen  in  perception  of  failure  in  a  logical  se- 
quence, and  dogged  in  his  determination  to  arrive  at  the  scientific 
facts  in  any  subject  imder  consideration. 

With  all  the  work  entailed  by  his  hospital  appointments  and  the 
demands  of  a  large  private  practice.  Dr.  Wadsworth  found  time  for 
study  in  his  favorite  subject,  he  was  a  close  student  of  ophthalmologic 
literature  and  was  almost  encyclopedic  in  hb  ability  to  refer  to  and 
place  a  title  or  an  author. 

Of  the  forty-six  original  papers  contributed  by  Dr.  Wadsworth  in 
the  meetmgs  of  the  various  societies  of  which  he  was  a  member  and  to 
foreign  journab,  fifteen  were  upon  conditions  in  the  retina,  choroid 
or  optic  nerve  as  might  be  expected  of  one  who  as  an  ophthalmo- 
scopist  was,  as  one  of  his  associates  has  said,  "the  admiration  and 
despair  of  his  colleagues,"  nine  papers  treated  of  operations,  four 
were  upon  anomalies  of  muscular  balance  and  four  were  based  upon 
original  scientific  research,  including  his  description  of  the  fovea 
centralis. 

In  addition  to  his  special  interests  he  found  time  to  devote  himself 
to  the  more  general  service  of  the  members  of  his  profession  as  assb- 
tant  editor  of  the  Boston  Medical  and  Surgical  Journal  during  the 
year  1868,  and  as  one  of  the  most  valuable  contributors  of  time, 
thought  and  labor  to  the  upbuilding  of  the  Boston  Medical  Library, 
a  project  originating  with  the  late  Dr.  J.  R  Chadwick  and  now  grown 
to  be  of  great  value  not  only  in  itself  to  this  community,  but  as  an 
example  which  has  been  folloived  in  the  foundation  of  similar  libraries 
throughout  the  United  States. 
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The  estimate  in  which  Dr.  Wadsworth  was  held  by  those  who  had 
to  deal  with  him  m  his  daily  life  contains  always  expressions  of  appre- 
ciations of  his  balance,  his  judgment,  his  kindness,  and,  admiringly, 
of  his  power  of  concentration,  and  a  gentleman  who  was  intimately 
connected  with  him  in  both  the  Massachusetts  General  Hospital  and 
the  Massachusetts  Charitable  Eye  and  Ear  Infirmary,  says,  "  he  was 
an  extremely  just,  honorable,  and  high  minded  man,  I  have  never 
known  one  who  could  do  a  kindness  in  so  kindly  a  way,  I  never  knew 
him  to  be  hurried  and,  so  far  as  one  could  judge  by  outward  appear- 
ances, worried,  as  an  illustration  of  the  latter  quality,  after  a  long 
evening's  work  with  him  on  statistics  which  he  was  compiling  he 
remarked,  just  as  I  was  leaving  him,  that  one  of  his  sons  was  very  ill 
and  that  his  recovery  was  extremely  doubtful.  Under  such  condi- 
tions to  see  a  man  his  normal  self  through  an  entire  evening  and  work- 
ing over  statistics  with  no  indication  of  worry  or  anxiety  impressed 
me  very  strongly.  That  he  did  worry  and  was  anxious  no  one  will 
doubt  but  he  had  the  ability  to  an  exceptional  degree  of  being  calm 
and  composed  in  the  face  of  an  impending  great  calamity.  Another 
quality  which  will  come  prominently  to  the  minds  of  his  friends  was 
his  love  of  argument,  no  one  associated  with  him  could  fail  to  believe 
that  there  were  two  or  more  sides  to  every  question,  he  never  lost  his 
temper,  made  use  of  sarcasm  to  rout  his  adversary  or  in  any  way 
showed  contempt  or  want  of  consideration  for  the  other  opinion.  He 
parted  with  the  best  of  feeling  and  usually  with  a  laughing  regret  that 
agreement  was  impossible. 

In  his  chosen  specialty  Dr.  Wadsworth  held  high  rank,  at  medical 
meetings  he  was  always  prominent  as  a  critic,  a  weak  point  in  diagnosis 
or  in  argument  rarely  escaped  his  notice  and  his  criticisms  were  so 
sound  and  well  expressed  that  they  were  always  received  with  excep- 
tional interest  and  consideration.  He  was  not  a  prolific  writer, 
probably  for  the  reason  that  much  material  which  might  have  been 
placed  on  record  did  not  pass  his  own  criticism  as  to  the  accuracy  and 
value  when  it  came  to  be  seriously  considered  and  he  has  been  known 
to  spend  much  time  and  labor  in  preparing  material  for  a  paper  that, 
in  the  end,  was  not  thought  worthy  of  being  written  and  printed. 

He  was  extremely  successful  as  a  practitioner  and  devoted  much 
time  and  care  to  the  study  of  his  cases,  as  a  diagnostician  in  opthalmo- 
scopy  he  was  exceptionally  brilliant  and  it  is  doubtful  if  he  had  a 
superior  in  this  branch  of  his  specialty. 

Another  hospital  associate  of  Dr.  Wadsworth  has  said  —  "  his  skill 
in  the  use  of  the  ophthalmoscope  and  the  accuracy  of  his  diagnoses 
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were  known  to  all  his  colleagues  and  were  universally  acknowledged 
by  all  who  came  in  contact  with  him  professionally.  The  careful 
study  and  patient  investigation  which  he  gave  to  each  case  that  came 
under  his  care  was  never  abridged  by  any  consideration  of  time  or 
personal  convenience.  His  mental  attitude  until  his  diagnosis  was 
made  was  always  that  of  the  impartial  scientific  observer."  And  still 
another,  in  the  conclusion  of  a  tribute  to  his  memory,  called  him  "  the 
teacher  of  us  all."  That  he  was  a  teacher  in  example  as  in  precept  has 
come  to  the  consciousness  of  the  many  who  have  known  him  even 
passingly;  we  judge  a  man  by  his  attitude  toward  life  with  its  buoyant 
actiWties  and  take  the  measure  of  him  again  as  he  faces  death;  with  a 
physician's  knowledge  of  the  nature  of  his  malady,  in  the  midst  of  the 
prolonged  pain  which  was  a  part  of  it,  he  was  courageous  so  calmly 
that  his  courage  did  not  ripple  the  surface  of  his  courtly  kindliness 
and  a  last  \nsit  to  him,  shortly  before  his  death,  is  a  memory  of  a 
pleasant  familiar  presence,  a  warm  greeting  and  no  mention  of  fare- 
well. 

Dr.  Clarence  J.  Blake. 


Papers  of  Dr.  0.  F.  Wadsworth 

Rupture  of  the  sclerotic.     Boston  M.  &  S.  J.,  1868. 

Anaesthesia  of  the  Retina.     Boston  M.  &  S.  J.,  1872. 

An  unusual  case  of  herpes  zoster  ophthalmicus.  Boston  M.  A  S. 
J.,  1875. 

A  case  of  ectropion  treated  by  transplantation  of  a  large  flap  without 
pedicle.     Boston  M.  &  S.  J.,  1876. 

A  modification  of  the  ophthalmoscope.     Boston  M.  &  S.  J,,  1877. 

Epithelioma  of  the  limbus  vomeae.     Boston  M.  &  S.  J.,  1879. 

Optico-ciliary  neurotomy.     Boston  M.  &  S.  J.y  1879. 

Intra-ocular  circulation ;  rhythmical  changes  in  the  venous  pulse  of 
the  optic  disk.  (With  Dr.  J.  J.  Putnam.)  J.  Nerv,  &  Ment.  Diseases. 
Chicago,  1878.     Also  Tr.  Am.  Ophth.  Soc,  New  York,  1878. 

Optico-ciliary  neurotomy  (case).     Boston  M.  <k  S.  J.,  1879. 

Microscopic  section  of  an  epithelioma  of  the  limbus  comeae.  Bos- 
ton  M.  A  S.  J.,  1879. 

Optico-ciliary  neurotomy  (2  cases).     Boston  M.  &  S.  J.,  1879. 

Peculiar  affection  of  the  ocular  muscles.     Boston  M.  &  S.  J.,  1880. 

Color-Blindness.     Boston  M.  &  S.  J.,  1880. 

Optic  neuritis  after  measles.     Boston  M.  &  S.  J.,  1880. 
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Beitrage  zur  Opthalmologie,  als  Festgabe  Wiesbaden  Friedr. 
Homer's  zur  Feier  d.  25  jahr.  Jubilaums  seiner  Academ.  Lehr- 
thatigkeit  gewidmet  von  M.  Dufour,  O.  Haab,  M.  Knies,  J.  Michel, 
W.  Schoen,  und  O.  F.  Wadsworth.     1881. 

Circulation  in  the  macula  lutea  retinae.     Boston  M,  &  S.  J.,  1881. 

Optico-ciUary  neurotomy.     Tr.  Am.  Ophth.  Soc.,  New  York^  1881. 

The  fovea  centralis  in  man.     Beitr.  z.  Ophth.     Wiesbaden,  1882. 

Optico-ciliary  neurotomy.  Med,  &  Surg.  Rep.  Boston  City  Hospital^ 
1882. 

Phlyctenular  disease  of  the  eyes.     Boston  M.  &  S.  J.,  1883. 

Some  cases  of  hysterical  aflFection  of  vision.  Boston  M.  &.  S.  J., 
1883. 

Apparent  curvature  of  surface  caused  by  prismatic  glasses.  Boston 
M.  &.  S.  J.,  1883. 

Three  cases  of  homonymous  hemianopia.    Boston  M.  &  S.J.,  1884. 

A  case  of  myxoedema  with  atrophy  of  the  optic  nerves.  Boston 
M.  A  S.  J.,  1885.      Also  Tr.  Am.  Ophth.  Soc.,  Boston,  1885. 

A  case  of  permanent  zonular  scotoma  of  traumatic  origin;  very 
small  circle  of  central  field  with  vision  normal.  Am.  J.  Ophthcd.,  St. 
Louis,  1884r-5. 

Double  optic  neuritis  and  ophthalmoplegia  from  lead-poisoning; 
complicated  by  typhoid  fever.  Boston  M.  &  S.  J.,  1885.  Also 
Tr.  Am.  Ophth.  Soc,  Boston,  1885. 

Luxation  of  lens  beneath  Tenon's  capsule.  Boston  M.  drS.  J.,  1885. 
Also  Tr.  Am.  Ophth.  Soc,  Boston,  1885. 

Lead-Poisoning  complicated  with  probable  typhoid  fever.  Boston 
M.  &  S.  J.,  1885. 

A  case  of  recurrent  paralysis  of  the  motor  oculi.  Boston  M.  &  S.J.y 
1887.    Also  Tr.  Am.  Ophth.  Soc,  1887. 

A  case  of  congenital,  zonular,  grayish-white  opacity  around  the 
fovea.  Detachment  of  the  retina  in  both  eyes,  with  albuminuria  of 
pregnancy;  replacement  of  retina.  Boston  M.  <t  S.  J.,  1887.  Tr. 
Am.  Ophth.  Soc,  Boston,  1887. 

A  case  of  recurrent  paralysis  of  the  third  nerve.  Boston  M.  &  S.  J., 
1887. 

The  amblyopia  of  squint.     Boston  M.  &  S.  J.,  1887. 

Ophthalmoplegia  externa.     Boston  M.  &  S.  J.,  1888. 

A  case  of  extraction  of  a  bit  of  steel  from  the  vitreous  by  the  magnet. 
Boston  M.  &  S.  J.,  1889. 

Paralysis  of  the  sphincter  iridis.     Boston  M.  &  S.  J.,  1889. 

Spastic  torticollis  apparently  due  to  faulty  position  of  the  eyes,  and 
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cured  by  tenotomy.     Boston  M.  &  S,  J.,  1889.     Tr,  Am.  Ophih,  Soc., 
Hartford,  1889. 

Two  cases  of  extraction  from  the  vitreous,  of  steel  which  had  passed 
through  the  lens.  Boston  M,  &  S.  J.,  1889.  Tr.  Am.  Ophth.  Soc., 
Hartford,  1889. 

Mydriasis  of  one  eye,  with  intact  accommodation  lasting  four 
months  after  application  of  homatropine  to  both  eyes.  Tr.  Am. 
Ophth.  Soc.,  Hartford,  1889. 

Plastic  operation  of  the  lower  eyelid.     Boston  M.  &  S.  J.,  1889. 

Thrombus  of  arteria  centralis  retinae;  large  retinociliary  artery; 
central  vision  unimpaired.    Boston  M.  &  S.  J.,  1890. 

A  case  of  metastatic  carcinoma  of  the  choroid.  Boston  M.  &  S.  J., 
1890. 

Same,  and  Thrombus  of  arteria  centralis  retinae;  large  retino- 
ciliary artery;  central  vision  unimpaired.  Tr.  Am.  Ophth.  Soc., 
Hartford,  1890. 

Insufficiency  of  the  Ocular  Muscles.    Boston  M.  &  S.  J.,  1890. 

An  adenoma  of  the  Meibomian  glands.  Tr.  Am.  Ophth.  Soc., 
Hartford,  1895. 

Embolism  of  central  artery;  macula  supplied  by  a  cilio-retinal 
artery,  retention  of  central  vision.  Boston  M.  &  S.  J.,  1896.  Tr. 
Am.  Ophth.  Soc,  Hartford,  1896. 

Anomalies  of  muscular  balance.  Boston  M.  &  S.  J.,  1897.  Also 
Med.  Communicat.  Mass.  Med.  Soc,  1897. 

Hemorrhage  attending  the  extraction  of  cataract.  Boston  M.  &  S. 
J.,  1897.     Tr.  Am.  Ophih.  Soc,  Hartford,  1897. 

A  model  showing  the  position  of  the  meridian  of  the  eyeball  in 
oblique  direction  of  vision,  as  defined  by  Bonders  and  Helmholtz, 
with  some  remarks  on  the  misunderstanding  of  Helmholtz's  state- 
ments.   J.  Bost.  Soc  Med.  ScL,  1897-8. 

In  addition,  Dr.  Wadsworth  wrote  the  Report  on  Ophthalmology 
for  the  Boston  Medical  and  Surgical  Journal  for  about  fourteen  years. 
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Class  I. —  Mathematical  and  Physical  Sciences, —  169. 

Section  I. — Mathematics  and  Astronomy. — 34. 

George  Russell  Agassiz      Boston 

Solon  Irving  Bailey Cambridge 

Edward  Emerson  Barnard Williams  Bay,  Wis. 

George  David  Birkhoff Cambridge 

Charles  Leonard  Bouton Cambridge 

Ernest  William  Brown New  Haven,  Ct. 
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Julian  Lowell  Coolidge Cambridge 
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Fabian  Franklin New  York 

Edwin  Brant  Frost Williams  Bay,  Wis. 
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Charles  Lane  Poor New   York 

Roland  George  Dwight  Richardson      Providence 

Arthur  Searle Cambridge 

George  Mary  Searle Berkeley,  Cal. 

Vesto  Melvin  Slipher  Flagstaff,  Ariz. 

John  Nelson  Stockwell Cleveland,  O. 

William  Edward  Story Worcester 

Henry  Taber Worcester 

Harry  Walter  Tyler Boston 

Robert  Wheeler  Willson Cambridge 

Edwin  Bidwell  Wilson Cambridge 

Frederick  Shenstone  Woods Newton 

Paul  Sebastian  Yendell Dorchester 

Class  L,  Section  II. —  Phyaiea, —  51. 

Joseph  Sweetman  Ames Baltimore,  Md. 

Carl  Barus Providence 

Louis  Agricola  Bauer      Washington 

Alexander  Graham  Bell      Washington 

Louis  Bell ^ Boston 

Clarence  John  Blake Boston 

Percy  W' illiams  Bridgman      Cambridge 

George  Ashley  Campbell New  York 

Harry  Ellsworth  Clifford Newton 

Daniel  Frost  Comstock Boston 

Henry  Crew Evanston,  111. 

Charies  Robert  Cross Brookline 

Harvey  Nathaniel  Davis Cambridge 

Arthur  Louis  Day W^ashington,  D.  C. 

Louis  Derr Brookline 

William  Johnson  Drisko Boston 

William  Duane Boston 
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Harry  Manley  Goodwin Brookline 

George  Ellery  Hale Pasadena,  Cal. 

Edwin  Herbert  Hall Cambridge 
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William  White  Jacques Boston 

Norton  Adams  Kent Cambridge 

Frank  Arthur  Laws Boston 

Henry  Lefavour Boston 

Theodore  Lyman Brookline 
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Thomas  Corwin  Mendenhall Ravenna,  O. 
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William  Thompson  Sedgwick Boston 

John  Eliot  Thayer Lancaster 

Addison  Emory  Verrill New  Haven,  Ct. 
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William  Morton  Wheeler Boston 

James  Clarke  White Boston 

Harris  Hawthorne  Wilder      Northampton 

Edmund  Beecher  Wilson New  York 


Class  H.,  Section  IV. —  Medicine  and  Surgery.— SI. 

Edward  Hickling  Bradford Boston 

Henry  Asbury  Christian Boston 

Edwin  Grant  Conklin Princeton,  N.  J. 

Har\'ey  Cushing      Boston 

David  Linn  Edsall Boston 

Harold  Clarence  Ernst       Jamaica  Plain 

Simon  Flexner      New  York 

William  Stewart  Halsted Baltimore,  Md. 

Abraham  Jacobi New  York 

Elliott  Proctor  Joslin      Boston 

William  Williams  Keen Philadelphia,  Pa. 

Frank  Burr  Mallory Brookline 

Samuel  Jason  Mixter Boston 

Edward  Hall  Nichols Boston 

Sir  William  Osier Oxford,  Eng. 

Theophil  Mitchell  Prudden New    York 

William  Lambert  Richardson Boston 

Milton  Joseph  Rosenau      Boston 

Frederick  Cheever  Shattuck      Boston 

Theobald  Smith Jamaica  Plain 

Elmer  Ernest  Southard Boston 

Richard  Pearson  Strong Boston 

Ernest  Edward  Tyzzer Boston 

Frederick  Herman  Verhoeff Boston 

Henry  Pickering  Walcott Cambridge 

John  Collins  Warren Boston 

William  Henry  Welch Baltimore,  Md. 

Francis  Henry  Williams Boston 

Simeon  Burt  Wolbach Boston 

Horatio  Curtis  Wood      Philadelphia,  Pa. 

James  Homer  Wright Boston 
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Class  III. —  Moral  and  Political  Sciences. —  130. 

Section  I. —  Theology,  Philosophy  and  Jurisprudence. —  33. 

Simeon  Eben  Baldwin New  Haven,  Ct. 

Joseph  Henry  Beale Cambridge 

Melville  Madison  Bigelow Cambridge 

Joseph  Hodges  Choate New  York 

James  De  Normandie Roxbury 

Frederic  Dodge Belmont 

Timothy  Dwight New  Haven,  Ct. 

William  Wallace  Fenn Cambridge 

Frederick  Perry  Fish       Brookline 

John  Chipman  Gray Boston 

John  Wilkes  Hammond Cambridge 

Alfred  Hemenway Boston 

Marcus  Perrin  Knowlton Springfield 

William  Lawrence        Boston 

George  Vasmer  Leverett Boston 

Edward  Caldwell  Moore Cambridge 

Hugo  Miinsterberg      Cambridge 

George  Herbert  Palmer      Cambridge 

George  Wharton  Pepper Philadelphia,  Pa. 

Roscoe  Pound Belmont 

Elihu  Root New  York 

James  Hardy  Ropes Cambridge 

Josiah  Royce Cambridge 

Arthur  Prentice  Rugg Worcester 

Henry  Newton  Sheldon Boston 

Moorfield  Storey .    Boston 

William  Howard  Taft New  Haven 

Ezra  Ripley  Thayer Boston 

W^illiam  Jewett  Tucker Hanover,  N.  H. 

William  Cushing  Wait Medford 

Williston  Walker New  Haven,  Ct. 

Samuel  Williston Belmont 

Wooflrow  Wilson Washington,  D.  C. 
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Class  III.,  Section  II. —  Philology  and  Archaology. —  39. 

Francis  Greenleaf  Allinson Providence,  R.  I. 

William  Rosenzweig  Arnold      Cambridge 

Maurice  Bloomfield Baltimore,  Md. 

Franz  Boas New  York 

Charles  Pickering  Bowditch Jamaica  Plain 

Franklin  Carter Williarastown 

George  Henry  Chase Cambridge 

Roland  Barrage  Dixon Cambridge 

William  Curtis  Farabee      Cambridge 

Jesse  Walter  Fewkes Washington,  D.  C. 

Jeremiah  Denis  Mathias  Ford Cambridge 

Basil  Lanneau  Gildersleeve Baltimore,  Md. 

Charles  Hall  Grandgent      Cambridge 

Charles  Burton  Gulick       Cambridge 

William  Arthur  Heidel Middletovm,  Ct. 

Albert  Andrew  Howard      Cambridge 

Hans  Carl  Gunther  von  Jagemann Cambridge 

James  Richard  Jewett Cambridge 

Alfred  Louis  Kroeber      Berkeley,  Cal. 

Charles  Rockwell  Lanman Cambridge 

Thomas  Raynesford  Lounsbury New  Haven,  Ct. 

David  Gordon  Lyon Cambridge 

Clifford  Herschel  Moore Cambridge 

George  Foot  Moore Cambridge 

Hanns  Oertel New  Haven,  Ct. 

Charles  Pomeroy  Parker Cambridge 

Frederick  Ward  Putnam Cambridge 

Edward  Kennard  Rand      Cambridge 

George  Andrew  Reisner Cambridge 

Edward  Robinson New  York 

Fred  Norris  Robinson Cambridge 

Edward  Stevens  Sheldon Cambridge 

Herbert  Weir  Smyth Cambridge 

Franklin  Bache  Stephenson Pittsfield 

Charles  Cutler  Torrey New  Haven,  Ct. 

Alfred  Marston  Tozzer Cambridge 

Andrew  Dickson  White      Ithaca,  N.  Y. 

John  Williams  White      Cambridge 

James  Haughton  Woods Cambridge 
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Class  III.,  Section  III. —  Political  Economy  and  History. — ^^29. 

Charles  Francis  Adams Lincoln 

Henry  Adams Washington,  D.  C. 

Charles  Jesse  Bullock      Cambridge 

Thomas  Nixon  Carver Cambridge 

Archibald  Cary  Coolidge Boston 

Andrew  McFarland  Davis Cambridge 

Davis  Rich  Dewey      Cambridge 

Ephraim  Emerton Cambridge 

Henrj'  Walcott  Fammn New  Haven 

Irving  Fisher New  Haven,  Ct. 

Worthington  Chauncey  Ford Boston 

Edwin  Francis  Gay      Cambridge 

Abner  Cheney  Goodell Salem 

Arthur  Twining  Hadley New  Haven,  Ct. 

Charles  Homer  Haskins Cambridge 

Henry  Cabot  Lodge Nahant 

Abbott  Lawrence  Lowell Cambridge 

Alfred  Thayer  Mahan New  York 

Roger  Bigelow  Merriman     Cambridge 

William  Bennett  Munro Cambridge 

James  Ford  Rhodes Boston 

William  Mulligan  Sloane New  York 

Charles  Card  Smith Boston 

Henry  Morse  Stephens Berkeley,    Cal. 

Frank  William  Taussig Cambridge 

Frederick  Jackson  Turner     Cambridge 

Thomas  Franklin  Waters Ipswich 

George  Grafton  Wilson     Cambridge 

George  Parker  Winship Providence 

Class  III.,  Section  IV. —  Literature  and  the  Fine  Arts. —  29. 

James  Burrell  Angell Ann  Arbor,  Mich. 

George  Pierce  Baker      Cambridge 

Arlo  Bates Boston 

William  Sturgis  Bigelow Boston 

Le  Baron  Russell  Briggs Cambridge 

George  Whitefield  Chadwick Boston 

Samuel  McChord  Crothers Cambridge 
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Wilberforce  Eames      New  York 

Henry  Herbert  Edes Cambridge 

Arthur  Fairbanks Cambridge 

Arthur  Foote Brookline 

Kuno  Francke     Cambridge 

Daniel  Chester  French       Stockbridge 

Robert  Grant Boston 

Henry  Lee  Higginson     Boston 

Mark  Antony  DeWolfe  Howe Boston 

George  Lyman  Kittredge Cambridge 

Gardiner  Martin  Lane Boston 

William  Coolidge  Lane Cambridge 

Albert  Matthews Boston 

William  Allan  Neilson Cambridge 

Bela  Lyon  Pratt Boston 

Herbert  Putnam      Washington,  D.  C. 

Denman  Waldo  Ross      Cambridge 

John  Singer  Sargent London,  Eng. 

William  Robert  Ware Milton 

Herbert  Langford  Warren      Cambridge 

Barrett  Wendell Boston 

George  Edward  Woodberry Beverly 
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FOREIGN  HONORARY  MEMBERS.— 54. 

(Number  limited  to  feyenty-flye). 

Class  I. —  Mathematical  and  Physical  Sciences, —  18. 

Sbction  I. —  Mathematica  and  Astronomy. —  3. 

Arthur  Auwers Berlin 

Felix  Klein Gottingen 

fimile  Picard Paris 

Class  I.,  SscnoN  II. —  Physics, —  8. 

Svante  August  Arrhenius Stockholm 

Oliver  Heaviside      Torquay 

Sir  Joseph  Larmor Cambridge 

Hendrik  Antoon  Lorentz Leyden 

Max  Planck      Berlin 

Augusto  Righi  Bologna 

John  William  Stnitt,  Baron  Rayleigh Witham 

Sir  Joseph  John  Thomson     Cambridge 

Class  I.,  Section  111, -^Chemistry, —  5. 

Adolf,  Ritter  von  Baeyer Mimich 

Emil  Fischer Berlin 

Fritz  Haber Berlin 

Wilhelm  Ostwald Leipsic 

Sir  Henry  Enfield  Roscoe London 

Class  I.,  Section  IV. —  Technology  and  Engineering, —  2. 

Heinrich  Miiller-Breslau Berlin 

William  Cawthome  Unwin London 


Digitized  by 


GooglQ 


FOREIGN  HONORARY  MEMBERS. 

Class  II. —  Natural  and  Physiological  Sciences, —  19. 
Section  I. —  Geology ^  Mineralogy ,  and  Physics  oj  the  Globe. —  5. 

Waldemar  Christofer  Brogger Christiania 

Sir  Archibald  Geikie Haslemere,  Surrey 

Viktor  Goldschmidt Heidelberg 

Julius  Hann     Vienna 

Albert  Heim Zurich 

Class  II.,  Section  II. —  Botany. —  5. 

John  Briquet Geneva 

Adolf  Engler Berlin 

Wilhelm  Pfeffer Leipsic 

Hermann,  Graf  zu  Solms-Laubach Strassburg 

Ignatz  Urban   . Berlin 

Class  II.,  Section  III. —  Zodlogy  and  Physiology. —  4. 

Ludimar  Hermann Konigsberg 

Sir  Edwin  Ray  Lankester London 

EHe  MetchnikoflP Paris 

Magnus  Gustav  Retzius Stockholm 

Class  II.,  Section  IV. —  Medicine  and  Surgery. —  5. 

Emil  von  Behring Marburg 

Sir  Thomas  Lauder  Brunton,  Bart London 

Angelo  Celli     Rome 

Sir  Victor  Alexander  Haden  Horsley London 

Adam  Politzer       Vienna 


Class  III. —  Moral  and  Political  Sciences. —  23. 

Section  I. —  Theology^  Philosophy  and  Jurisprudence. —  4. 
Arthur  James  Balfour Prestonkirk 
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Heinrich  Brunner Berlin 

Albert  Venn  Dicey      Oxford 

Sir  Frederick  Pollock,  Bart London 

Section  II. —  Philology  and  Archaology. —  9. 

Ingram  Bywater      London 

Friedrich  Delitzsch Berlin 

Hermann  Diels Berlin 

Wilhelm  Dorpfeld Athens 

Henry  Jackson Cambridge 

Hermann  Georg  Jacobi Bonn 

Sir  Gaston  Camilie  Charles  Maspero Paris 

Alfred  Percival  Maudslay Hereford 

Eduard  Seler Berlin 

Section  III. —  P<ditical  Economy  and  History. —  5. 

James  Bryce London 

Adolf  Harnack Berlin 

John  Morley,  Viscount  Morley  of  Blackburn London 

Sir  George  Otto  Trevelyan,  Bart London 

Pasquale  Villari Florence 

Section  IV. —  LUeraiure  and  the  Fine  Arte. —  5. 

Georg  Brandes Copenhagen 

,  Jean  Adrien  Aubin  Jules  Jusserand Paris 

Rudyard  Kipling Burwash 

Sir  Sidney  Lee London 

Sir  James  Augustus  Henry  Murray Oxford 


Digitized  by 


GooglQ 


Digitized  by 


GooglQ 


STATUTES   AND    STANDING   VOTES 


STATUTES 

Adopted  November  8,    1911:  amended  May  8,   1912,  January  8»   and 
May  14.  1913 


CHAPTER  I 

The  Corporate  Seal 

Article  1.    The  Corporate  Seal  of  the  Academy  shall  be  as  here 
depicted: 


Article  2.     The  Recording  Secretary  shall  have  the  custody  of  the 
Corporate  Seal. 

See  Chap.  V.  art.  S'y  chap.  vi.  art.  2. 


Digitized  by 


GooglQ 
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CHAPTER  II 

Fellows  and  Foreign  Honorary  Members  and  Dues 

Article  1.  The  Academy  consists  of  Fellows,  who  are  either 
citizens  or  residents  of  the  United  States  of  America,  and  Foreign 
Honorary  Members.  They  are  arranged  in  three  Classes,  according  to 
the  Arts  and  Sciences  in  which  they  are  severally  proficient,  and  each 
Class  is  divided  into  four  Sections,  namely: 

Class  I.     The  Mathematical  and  Physical  Sciences 
Section  1.    Mathematics  and  Astronomy 
Section  2.    Physics 
Section  3.    Chemistry 
Section  4.    Technology  and  Engineering 

Class  II.     The  Natural  and  Physiological  Sciences 
Section  1.    Geology,  Mineralogy,  and  Physics  of  the  Globe 
Section  2.    Botany 
Section  3.    Zoology  and  Physiology 
Section  4.    Medicine  and  Surgery 

Class  III.  The  Moral  and  Political  Sciences 

Section  1.  Theology,  Philosophy,  and  Jmisprudence 

Section  2.  Philology  and  Archaeology 

Section  3.  Political  Economy  and  History 

Section  4.  Literature  and  the  Fine  Arts 

Article  2.  The  number  of  Fellows  shall  not  exceed  Six  hundred, 
of  whom  not  more  than  Four  hundred  shall  be  residents  of  Massachu- 
setts, nor  shall  there  be  more  than  Two  hundred  in  any  one  Class. 

Article  3.  The  number  of  Foreign  Honorary  Members  shall  not 
exceed  Seventy-five.  They  shall  be  chosen  from  among  citizens  of 
foreign  countries  most  emment  for  their  discoveries  and  attainments 
in  any  of  the  Classes  above  enumerated.  There  shall  not  be  more 
than  Twenty-five  in  any  one  Class. 

Article  4.  If  any  person,  after  being  notified  of  his  election  as 
Fellow,  shall  neglect  for  two  months  to  accept  in  writing  and  to  pay 
his  Admission  Fee  (unless  he  be  at  that  time  absent  from  the  Common- 
wealth) hb  election  shall  be  void;  and  if  any  Fellow  resident  within 
fifty  miles  of  Boston  shall  neglect  to  pay  his  Annual  Dues  for  twelve 
months  after  they  are  due,  provided  his  attention  shall  have  been 
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called  to  this  Article  of  the  Statutes  in  the  meantime,  he  shall  cease  to 
be  a  Fellow;  but  the  Council  may  suspend  the  provisions  of  this 
Article  for  a  reasonable  time. 

With  the  previous  consent  of  the  Council,  the  Treasiu'er  may  dis- 
pense (sub  silentio)  with  the  payment  of  the  Admission  Fee  or  of  the 
Annual  Dues  or  both  whenever  he  shall  deem  it  advisable.  In  the  case 
of  officers  of  the  Army  or  Navy  who  are  out  of  the  Commonwealth  on 
duty,  payment  of  the  Annual  Dues  may  be  waived  during  such  absence 
if  continued  during  the  whole  financial  year  and  if  notification  of  such 
expected  absence  be  sent  to  the  Treasurer.  Upon  similar  notification 
to  the  Treasurer,  similar  exemption  may  be  accorded  to  Fellows  sub- 
ject to  Annual  Dues,  who  may  temporarily  remove  their  residence  for 
at  least  two  years  to  a  place  more  than  fifty  miles  from  Boston. 

If  any  person  elected  a  Foreign  Honorary  Member  shall  neglect  for 
six  months  after  being  notified  of  his  election  to  accept  in  writing, 
his  election  shall  be  void. 

See  Chap,  vii  art.  2. 

Article  5.  Every  Fellow  hereafter  elected  shall  pay  an  Admission 
Fee  of  Ten  dollars. 

Every  Fellow  resident  within  fifty  miles  of  Boston  shall,  and  others 
may,  pay  such  Annual  Dues,  not  exceeding  Fifteen  dollars,  as  shall 
be  voted  by  the  Academy  at  each  Annual  Meeting,  when  they  shall 
become  due;  but  any  Fellow  shall  be  exempt  from  the  annual  pay- 
ment if,  at  any  time  after  his  admission,  he  shall  pay  into  the  treas- 
ury Two  hundred  dollars  in  addition  to  his  previous  payments. 

All  Commutations  of  the  Annual  Dues  shall  be  and  remain  perma- 
nently funded,  the  interest  only  to  be  used  for  current  expenses. 

Any  Fellow  not  previously  subject  to  Annual  Dues  who  takes  up  his 
residence  within  fifty  miles  of  Boston,  shall  pay  to  the  Treasurer  within 
three  months  thereafter  Annual  Dues  for  the  current  year,  failing  which 
his  Fellowship  shall  cease;  but  the  Council  may  suspend  the  provi- 
sions of  this  Article  for  a  reasonable  time. 

Only  Fellows  who  pay  Annual  Dues  or  have  commuted  them  may 
hold  office  in  the  Academy  or  serve  on  the  Standing  Committees  or 
vote  at  meetings. 

Article  6.  Fellows  who  pay  or  have  commuted  the  Annual  Dues 
and  Foreign  Honorary  Members  shall  be  entitled  to  receive  gratis  one 
copy  of  all  Publications  of  the  Academy  issued  after  their  election. 

See  Chap.  x.  art.  2. 
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Article  7.  Diplomas  signed  by  the  President  and  the  Vice- 
President  of  the  Class  to  wiich  the  member  belongs,  and  countersigned 
by  the  Secretaries,  shall  be  given  to  all  the  Fellows  and  Foreign 
Honorary  Members. 

Article  8.  If,  in  the  opinion  of  a  majority  of  the  entire  CounciJ, 
any  Fellow  or  Foreign  Honorary  Member  shall  have  rendered  himself 
unworthy  of  a  place  in  the  Academy,  the  Coimcil  shall  recommend  to 
the  Academy  the  tennination  of  his  membership;  and  if  three  fourths 
of  the  Fellows  present,  out  of  a  total  attendance  of  not  less  than  fifty, 
at  a  Stated  Meeting,  or  at  a  Special  Meeting  called  for  the  purpose, 
shall  adopt  this  recommendation,  his  name  shall  be  stricken  from  the 
Roll. 

See  Chap,  iii.;   chap.  vi.  art.  1;   chap.  ix.  art.  1,  7;   chap.  x.  art.  2. 

CHAPTER  in 

Election  of  Fellows  and  Foreign  Honorary  Members 

Article  1.  Elections  of  Fellows  and  Foreign  Honorary  Members 
shall  be  by  ballot,  and  only  at  the  Stated  Meetings  in  January  and 
May.  Three  fourths  of  the  ballots  cast,  and  not  less  than  twenty, 
must  be  aflSrmative  to  effect  an  election. 

Article  2.  Candidates  must  be  proposed  in  writing  by  two 
Fellows  of  the  Section  for  which  the  proposal  is  made.  These  signed 
nominations  shall  be  sent  to  the  Corresponding  Secretary  and  shall  be 
retained  by  him  until  the  fifteenth  of  the  following  October  or  Febru- 
ary, as  the  case  may  be,  when  all  nominations  then  in  his  hands  shall 
be  immediately  sent  in  printed  form  to  every  Fellow  having  the  right 
to  vote,  with  the  names  of  the  proposers  in  each  case,  and  with  a 
request  to  send  to  the  Corresponding  Secretary  written  comments  on 
these  names  not  later  than  the  fifth  of  November  or  the  fifth  of  March 
respectively. 

All  the  signed  nominations,  iivith  the  comments  thereon,  received  up 
to  the  fifth  of  November  or  the  fifth  of  March  shall  be  sent  at  once  to 
the  appropriate  Class  Committees,  which  shall  report  their  decisions 
to  the  Council  at  a  special  meeting  to  be  called  to  consider  nom- 
inations, not  later  than  two  days  before  the  meeting  of  the  Academy  in 
December  and  April  respectively. 

Article  3.  All  nominations  approved  by  the  Council  shall  be  read 
to  the  Academy  at  a  meeting  in  December  or  in  April,  or  be  sent  to  the 


Digitized  by 


GooglQ 


OF  AKTS  AND  SCIENCES.  703 

Fellows  in  print  with  the  official  notice  of  the  meeting,  and  shall  then 
be  posted  in  the  HaM  of  the  Academy  until  the  balloting. 

Not  later  than  two  weeks  after  any  nomination  is  reported  to  the 
Academy,  the  Corresponding  Secretary  shall  send  to  every  Fellow  hav- 
ing the  right  to  vote  a  brief  printed  account  of  the  nominee. 

See  Chap,  ii.;  chap.  vi.  art.  1;  chap.  ix.  art.  1. 


CHAPTER  IV 
Officers 

Article  1.  The  Officers  of  the  Academy  shall  be  a  President  (who 
shall  be  Chairman  of  the  Council),  three  Vice-Presidents  (one  from 
each  Class),  a  Corresponding  Secretary  (who  shall  be  Secretary  of  the 
Council),  a  Recording  Secretary,  a  Treasurer,  and  a  Librarian,  all  of 
whom  shall  be  elected  by  ballot  at  the  Annual  Meeting,  and  shall  hold 
their  respective  offices  for  one  year,  and  until  others  are  duly  chosen 
and  installed. 

There  shall  be  also  twelve  Coimcillors,  one  from  each  Section  of  each 
Class.  At  the  Annual  Meeting  in  1912  three  Councillors,  one  from 
each  Class,  shall  be  elected  by  ballot  to  serve  for  one  year,  three  for 
two  years,  three  for  three  years,  and  three  for  four  years.  At  each 
subsequent  Annual  Meeting  three  Councillors,  one  from  each  Class, 
shall  be  elected  by  ballot  to  serve  for  the  full  term  of  four  years  and 
until  others  are  duly  chosen  and  installed.  The  same  Fellow  shall 
not  be  eligible  for  two  successive  terms. 

The  Councillors,  with  the  other  officers  previously  named,  and  the 
Chairman  of  the  House  Committee,  ex  officio,  shall  constitute  the 
Council. 

See  Chap.  x.  art.  1. 

Article  2.  If  any  office  shall  become  vacant  during  the  year,  the 
vacancy  may  be  filled  by  the  Council  in  its  discretion  for  the  unexpired 
term. 

Article  3.  At  the  Stated  Meeting  in  March,  the  President  shall 
appoint  a  Nominating  Committee  of  three  Fellows  having  the  right 
to  vote,  one  from  each  Class.  This  Committee  shall  prepare  a  list  of 
nominees  for  the  several  offices  to  be  filled,  and  for  the  Standing  Com- 
mittees, and  cause  it  to  be  sent  to  the  Recording  Secretary  not  later 
than  four  weeks  before  the  Annual  Meeting. 
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Article  4.  Independent  nominations  for  any  office,  if  signed  by 
at  least  twenty  Fellows  having  the  right  to  vote,  and  received  by  the 
Recording  Secretary  not  less  than  ten  days  before  the  Annual  Meet- 
ing, shall  be  inserted,  together  with  the  list  of  nominees  prepared  by 
the  Nominating  Committee,  in  the  call  therefor,  and  shall  be  mailed 
to  all  the  Fellows. 

See  Chap.  vi.  art.  2. 

Article  5.  The  Recording  Secretary  shall  prepare  for  use  in 
voting  at  the  Annual  Meeting  a  ballot  containing  the  names  of  all 
persons  duly  nominated  for  office. 


CHAPTER  V 
The  President 

Article  1.  The  President,  or  in  his  absence  the  senior  Vice-Presi- 
dent present  (seniority  to  be  determined  by  length  of  continuous 
fellowship  in  the  Academy),  shall  preside  at  all  meetings  of  the  Acad- 
emy. In  the  absence  of  all  these  officers,  a  Chairman  of  the  meeting 
shall  be  chosen  by  ballot. 

Article  2.  Unless  otherwise  ordered,  all  Committees  which  are 
not  elected  by  ballot  shall  be  appointed  by  the  presiding  officer. 

Article  3.  Any  deed  or  writing  to  which  the  Corporate  Seal  is  to 
be  affixed,  except  leases  of  real  estate,  shall  be  executed  in  the  name  of 
the  Academy  by  the  President  or,  in  the  event  of  his  death,  absence,  or 
inability,  by  one  of  the  Vice-Presidents,  when  thereto  duly  authorized. 

See  Chap.  ii.  art.  7;   chap.  iv.  art.  1,  3;   chap.  vi.  art.  2;   chap.  vii. 
art.  1;  chap.  ix.  art.  6;  chap.  x.  art.  1;  2;  chap.  xi.  art.  1. 


CHAPTER  VI 

The  Secretaries 

Article  1 .  The  Corresponding  Secretary  shall  conduct  the  corre- 
spondence of  the  Academy  and  of  the  Council,  recording  or  making  an 
entry  of  all  letters  written  in  its  name,  and  preserving  for  the  files  all 
official  papers  which  may  be  received.  At  each  meeting  of  the  Council 
he  shall  present  the  communications  addressed  to  the  Academy  which 
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have  been  received  since  the  previous  meeting,  and  at  the  next  meeting 
of  the  Academy  he  shall  present  such  as  the  Council  may  determine. 

He  shall  notify  all  persons  who  may  be  elected  Fellows  or  Foreign 
Honorary  Members,  send  to  each  a  copy  of  the  Statutes,  and  on  their 
acceptance  issue  the  proper  Diploma.  He  shall  also  notify  all  meet- 
ings of  the  Council;  and  in  case  of  the  death,  absence,  or  inability  of 
the  Recording  Secretary  he  shall  notify  all  meetings  of  the  Academy. 

Under  the  direction  of  the  Council,  he  shall  keep  a  List  of  the 
Fellows  and  Foreign  Honorary  Members,  arranged  in  their  several 
Classes  and  Sections.  It  shall  be  printed  annually  and  issued  as  of  the 
first  day  of  July. 

See  Chap.  ii.  art.  7;  chap.  ill.  art.  2, 3;  chap.  iv.  art.  1;  chap.  ix.  art.  6; 
chap.  X.  art.  1;  chap.  xi.  art.  1. 

Article  2.  The  Recording  Secretary  shall  have  the  custody  of  the 
Charter,  Corporate  Seal,  Archives,  Statute-Book,  Joumak,  and  all 
literary  papers  belonging  to  the  Academy. 

Fellows  borrowing  such  papers  or  documents  shall  receipt  for  them 
to  their  custodian. 

The  Recording  Secretary  shall  attend  the  meetings  of  the  Academy 
and  keep  a  faithful  record  of  the  proceedings  with  the  names  of  the 
Fellows  present;  and  after  each  meeting  is  duly  opened,  he  shall  read 
the  record  of  the  preceding  meeting. 

He  shall  notify  the  meetings  of  the  Academy  to  each  Fellow  by  mail 
at  least  seven  days  beforehand,  and  in  his  discretion  may  also  cause 
the  meetings  to  be  advertised;  he  shall  apprise  Officers  and  Commit- 
tees of  their  election  or  appointment,  and  inform  the  Treasurer  of 
appropriations  of  money  voted  by  the  Academy. 

He  shall  post  in  the  Hall  a  list  of  the  persons  nominated  for  election 
into  the  Academy;  and  after  all  elections,  he  shall  insert  in  the  Rec- 
ords the  names  of  the  Fellows  by  whom  the  successful  candidates  were 
nominated. 

In  the  absence  of  the  President  and  of  the  Vice-Presidents  he  shall, 
if  present,  call  the  meeting  to  order,  and  preside  until  a  Chairman  is 
chosen. 

See  Chap,  i.;  chap.  ii.  art.  7;  chap.  iv.  art.  3,  4,  5;  chap.  ix.  art.  6; 
chap.  X.  art.  1,  2;  chap.  xi.  art.  1,  3. 

Article  3.  The  Secretaries,  with  the  Chairman  of  the  Committee 
of  Publication,  shall  have  authority  to  publish  such  of  the  records  of 
the  meetings  of  the  Academy  as  may  seem  to  them  likely  to  promote 
its  interests. 
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of  all  the  property  of  the  Academy  entrusted  to  him,  and  the  character 
of  the  investments. 

Article  6.  The  Financial  Year  of  the  Academy  shall  begin  with 
the  first  day  of  April. 

Article  7.  No  person  or  committee  shall  incur  any  debt  or 
liability  in  the  name  of  the  Academy,  unless  in  accordance  with  a 
previous  vote  and  appropriation  therefor  by  the  Academy  or  the 
Council,  or  sell  or  otherwise  dispose  of  any  property  of  the  Academy, 
except  cash  or  invested  funds,  without  the  previous  consent  and  ap- 
proval of  the  Council. 

See  Chap.  ii.  art.  4,  5;  chap.  vi.  art.  2;  chap.  ix.  art.  6;   chap.  x.  art. 
1,  2,  3;  chap.  xi.  art. 


CHAPTER  VIII 
The  Librarian  and  the  Library 

Article  1.  The  Librarian  shall  have  charge  of  the  printed  books, 
keep  a  correct  catalogue  thereof,  and  provide  for  their  delivery  from 
the  Library. 

At  the  Annual  Meeting,  as  Chairman  of  the  Committee  on  the  Li- 
brary, he  shall  make  a  Report  on  its  condition. 

Article  2.  In  conjunction  with  the  Committee  on  the  Library  he 
shall  have  authority  to  expend  such  sums  as  may  be  appropriated  by 
the  Academy  for  the  piu'chase  of  books,  periodicals,  etc.,  and  for  de- 
fraying other  necessary  expenses  connected  with  the  Library. 

Article  3.  All  books  procured  from  the  income  of  the  Rumford 
Fimd  or  of  other  special  Funds  shall  contain  a  book-plate  expressing 
the  fact. 

Article  4.  Books  taken  from  the  Library  shall  be  receipted  for  to 
the  Librsirian  or  his  assistant. 

Article  5.  Books  shall  be  returned  in  good  order,  regard  being  had 
to  necessary  wear  with  good  usage.  If  any  book  shall  be  lost  or 
injured,  the  Fellow  to  whom  it  stands  charged  shall  replace  it  by  a  new 
volume  or  by  a  new  set,  if  it  belongs  to  a  set,  or  pay  the  current  price 
thereof  to  the  Librarian,  whereupon  the  remainder  of  the  set,  if  any. 
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shall  be  delivered  to  the  Fellow  so  paying,  unless  such  remainder  be 
valuable  by  reason  of  association. 

Article  6.  All  books  shall  be  returned  to  the  library  for  examina- 
tion at  least  one  week  before  the  Annual  Meeting. 

Article  7.  The  Librarian  shall  have  the  custody  of  the  Publica- 
tions of  the  Academy.  With  the  advice  and  consent  of  the  President, 
he  may  effect  exchanges  with  other  associations. 

See  Chap.  ii.  art.  6;  chap.  x.  art.  1, 2. 


CHAPTER  IX 
The  Council 

Article  1.  The  Council  shall  exercise  a  discreet  supervision  over 
all  nominations  and  elections  to  membership,  and  in  general  supervise 
all  the  affairs  of  the  Academy  not  explicitly  reserved  to  the  Academy 
as  a  whole  or  entrusted  by  it  or  by  the  Statutes  to  standing  or  special 
committees. 

It  shall  consider  all  nominations  duly  sent  to  it  by  any  Class  Com- 
mittee, and  present  to  the  Academy  for  action  such  of  these  nomina- 
tions as  it  may  approve  by  a  majority  vote  of  the  members  present 
at  a  meeting,  of  whom  not  less  than  seven  shall  have  voted  in  the 
aflSrmative. 

With  the  consent  of  the  Fellow  interested,  it  shall  have  power  to 
make  transfers  between  the  several  Sections  of  the  same  Class,  report- 
ing its  action  to  the  Academy. 

See  Chap.  iii.  art.  2,  3;  chap.  x.  art.  1. 

Article  2.    Seven  members  shall  constitute  a  quorum. 

Article  3.  It  shall  establish  rules  and  regulations  for  the  transac- 
tion of  its  business,  and  provide  all  printed  and  engraved  blanks  and 
books  of  record. 

Article  4.  It  shall  act  upon  all  resignations  of  oflScers,  and  all 
resignations  and  forfeitures  of  fellowship;  and  cause  the  Statutes  to 
be  faithfully  executed. 

It  shall  appoint  all  agents  and  subordinates  not  othem  ise  provided 
for  by  the  Statutes,  prescribe  their  duties,  and  fix  their  compensation. 
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They  shall  hold  their  respective  positions  during  the  pleasure  of  the 
Council. 

Article  5.  It  may  appoint,  for  terms  not  exceeding  one  year,  and 
prescribe  the  functions  of,  such  committees  of  its  number,  or  of  the 
Fellows  of  the  Academy,  as  it  may  deem  expedient,  to  facilitate  the 
administration  of  the  affairs  of  the  Academy  or  to  promote  its  interests. 

Article  6.  At  its  March  meeting  it  shall  receive  reports  from  the 
President,  the  Secretaries,  the  Treasurer,  and  the  Standing  Commit- 
tees, on  the  appropriations  severally  needed  for  the  ensuing  financial 
year!  At  the  same  meeting  the  Treasurer  shall  report  on  the  expected 
income  of  the  various  Funds  and  from  all  other  sources  during  the 
same  year. 

A  report  from  the  Council  shall  be  submitted  to  the  Academy,  for 
action,  at  the  March  meeting,  recommending  the  appropriation  which 
in  the  opinion  of  the  Coimcil  should  be  made. 

On  the  recommendation  of  the  Council,  special  appropriations  may 
be  made  at  any  Stated  Meeting  of  the  Academy,  or  at  a  Special  Meet- 
ing called  for  the  purpose. 
See  Chap.  x.  art.  3. 

Article  7.  After  the  death  of  a  Fellow  or  Foreign  Honorary  Mem- 
ber, it  shall  appoint  a  member  of  the  Academy  to  prepare  a  Memoir  for 
publication  in  the  Proceedings. 

Article  8.  It  shall  report  at  every  meeting  of  the  Academy  such 
business  as  it  may  deem  advisable  to  present. 

See  Chap.  ii.  art.  4,  5,  8;  chap.  iv.  art.  1,  2;  chap.  vi.  art.  1;  chap.  vii. 
art.  1;  chap.  xi.  art.  1,  4. 

CHAPTER  X 

Standing  Committees 

Article  1.  The  Class  Committee  of  each  Class  shall  consist  of  the 
Vice-President,  who  shall  be  chairman,  and  the  four  Councillors  of  the 
Class,  together  with  such  other  oflScer  or  officers  annually  elected  as 
may  belong  to  the  Class.  It  shall  consider  nominations  to  Fellowship 
in  its  own  Class,  and  report  in  writing  to  the  Coimcil  such  as  may 
receive  at  a  Class.  Committee  Meeting  a  majority  of  the  votes  cast, 
provided  at  least  three  shall  have  been  in  the  affirmative. 
See  Chap.  iii.  art.  2. 
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(vi)  The  House  Committee,  to  consist  of  three  Fellows,  who  shall 
have  charge  of  all  expenses  connected  with  the  House,  including  the 
general  expenses  of  the  Academy  not  specifically  assigned  to  the  care 
of  other  Committees  or  Officers. 

See  Chap.  iv.  art.  1,3;  chap.  ix.  art.  6. 

(vii)  The  Committee  on  Meetings y  to  consist  of  the  President,  the 
Recording  Secretary,  and  three  other  Fellows,  who  shall  have 
charge  of  plans  for  meetings  of  the  Academy. 

See  Chap.  iv.  art.  3;  chap.  ix.  art.  6. 

(viii)  The  Auditing  Committee,  to  consist  of  two  Fellows,  who  shall 
audit  the  accounts  of  the  Treasurer,  with  power  to  employ  an 
expert  and  to  approve  his  bill. 

See  Chap.  iv.  art.  3;  chap.  vii.  art.  1;  chap.  ix.  art.  6. 

Article  3.  The  Standing  Committees  shall  report  annually  to  the 
Council  in  March  on  the  appropriations  severally  needed  for  the  ensu- 
ing financial  year;  and  all  bills  incurred  on  account  of  these  Commit- 
tees, within  the  limits  of  the  several  appropriations  made  by  the 
Academy,  shall  be  approved  by  their  respective  Chairmen. 

In  the  absence  of  the  Chairman  of  any  Committee,  bills  may  be 
approved  by  any  member  of  the  Committee  whom  he  shall  designate 
for  the  purpose. 

See  Chap.  vii.  art.  1,  7;  chap.  ix.  art.  6. 


CHAPTER  XI 
Meetings,  Communications,  and  Amendments 

Article  1.  There  shall  be  annually  four  Stated  Meetings  of  the 
Academy,  namely,  on  the  second  Wednesday  of  January,  March,  May, 
and  October.  Only  at  these  meetings,  or  at  adjournments  thereof 
regularly  notified,  or  at  Special  Meetings  called  for  the  purpose,  shall 
appropriations  of  money  be  made,  or  amendments  of  the  Statutes  or 
Standing  Votes  be  effected. 

The  Stated  Meeting  in  May  shall  be  the  Annual  Meeting  of  the 
Corporation. 

Special  Meetings  shall  be  called  by  either  of  the  Secretaries  at  the 
request  of  the  President,  of  a  Vice-President,  of  the  Council,  or  of  ten 
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Fellows  having  the  right  to  vote;  and  notifications  thereof  shall  state 
the  purpose  for  which  the  meeting  is  called. 

A  meeting  for  receiving  and  discussing  literary  or  scientific  com- 
munications may  be  held  on  the  second  or  the  fourth  Wednesday, 
or  both,  of  each  month  not  appointed  for  Stated  Meetings,  excepting 
July,  August,  and  September;  but  no  business  shall  be  transacted  at 
any  meeting  which  may  be  held  on  the  fourth  Wednesday. 

Article  2.  Twenty  Fellows  having  the  right  to  vote  shall  consti- 
tute a  quorum  for  the  transaction  of  business  at  Stated  or  Special 
Meetings.  Fifteen  Fellows  shall  be  suflScient  to  constitute  a  meeting 
for  literary  or  scientific  communications  and  discussions. 

Article  3.  Upon  the  request  of  the  presiding  officer  or  the  Record- 
ing Secretary,  any  motion  or  resolution  offered  at  any  meeting  shall 
be  submitted  in  writing. 

Article  4.  No  report  of  any  paper  presented  at  a  meeting  of  the 
Academy  shall  be  published  by  any  Fellow  without  the  consent  of  the 
author;  and  no  report  shall  in  any  case  be  published  by  any  Fellow  in 
a  newspaper  as  an  account  of  the  proceedings  of  the  Academy  without 
the  previous  consent  and  approval  of  the  Council.  The  Coimcil,  in 
its  discretion,  by  a  duly  recorded  vote,  may  delegate  its  authority  in 
this  regard  to  one  or  more  of  its  members. 

Article  5.  No  Fellow  shall  introduce  a  guest  at  any  meeting  of 
the  Academy  imtil  after  the  business  has  been  transacted,  and  espe- 
cially until  after  nominations  to  Fellowship  have  been  read  and  the 
result  of  the  balloting  for  candidates  has  been  declared. 

Article  6.  The  Academy  shall  not  express  its  judgment  on 
literary  or  scientific  memoirs  or  performances  submitted  to  it,  or 
included  in  its  Publications. 

Article  7.  All  proposed  Amendments  of  the  Statutes  shall  be  re- 
ferred to  a  committee,  and  on  its  report,  at  a  subsequent  Stated  Meet- 
ing or  at  a  Special  Meeting  called  for  the  purpose,  two  thirds  of  the 
ballot  cast,  and  not  less  than  twenty,  must  be  affirmative  to  effect 
enactment. 

Article  8.  Standing  Votes  may  be  passed,  amended,  or  rescinded 
at  a  Stated  Meeting,  or  at  a  Special  Meeting  called  for  the  purpose, 
by  a  vote  of  two  thirds  of  the  members  present.  They  may  be 
suspended  by  a  unanimous  vote. 

See  Chap.  ii.  art.  5,  8;  chap,  iii.;  chap.  iv.  art.  3,  4,  6;  chap.  v.  art.  I; 
chap.  vi.  art.  1,  2;  chap.  ix.  art.  8. 
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Resident  Associates  shall  be  entitled  to  the  same  privileges  as  Fel- 
lows, in  the  use  of  the  Academy  building,  may  attend  meetings  and 
present  papers,  but  they  shall  not  have  the  right  to  vote.  They  shall 
pay  no  Admission  Fee,  and  their  Annual  Dues  shall  be  one-half  that 
of  Fellows  residing  within  fifty  miles  of  Boston. 

The  Council  and  Committees  of  the  Academy  may  ask  one  or  more 
Resident  Associates  to  act  with  them  in  an  advisory  or  assistant  ca- 
pacity. 


RUMFORD   PREMIUM 

In  conformity  with  the  terms  of  the  gift  of  Sir  Benjamin  Thompson, 
Count  Rumford,  of  a  certain  Fund  to  the  American  Academy  of  Arts 
and  Sciences,  and  with  a  decree  of  the  Supreme  Judicial  Coiurt  of 
Massachusetts  for  carrying  into  effect  the  general  charitable  intent  and 
purpose  of  Count  Rumford,  as  expressed  in  his  letter  of  gift,  the  Acad- 
emy is  empowered  to  make  from  the  income  of  the  Rumford  Fund,  as 
it  now  exists,  at  any  Annual  Meeting,  an  award  of  a  gold  and  a  silver 
medal,  being  together  of  the  intrinsic  value  of  three  hundred  dollars. 
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as  a  Premium  to  the  author  of  any  important  discovery  or  useful 
improvement  in  light  or  heat,  which  shall  have  been  made  and  pub- 
lished by  printing,  or  in  any  way  made  known  to  the  public,  in  any 
part  of  the  continent  of  America,  or  any  of  the  American  Islands; 
preference  always  being  given  to  such  discoveries  as,  in  the  opinion  of 
the  Academy,  shall  tend  most  to  promote  the  good  of  mankind;  and, 
if  the  Academy  sees  fit,  to  add  to  such  medals,  as  a  further  Premium 
for  such  discovery  and  improvement,  a  sum  of  money  not  exceeding 
three  hundred  dollars. 
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651. 

Amphioxus,  Studies  on  the  Peripheral 
Nervous  System  of,  569. 

Antagonism,  The,  of  Emotional 
States  and  the  Significance  as 
suggested  by  Recent  Physio- 
logical Researches,  657. 

Amolcl,  W.  R.,  elected  Fellow,  653; 
accepts  Fellowship,  654. 

Assessment,  Annual,  Amount  of,  668. 

Backlund,  J.  O.,  elected  Foreign 
Honora]^   Member,   671. 

Bacon,  Roger,  seventh  centenary  of, 
647. 

Baker,  G.  P.,  elected  Fellow,  653; 
accepts   Felowship,    654. 

Bartlett,  Francis,  death  of,  647. 

Beale,  J.  H.,  appointed  member  of 
Nominating  Committee,  657. 

Bell,  Louis,  Types  of  Abnormal  Color 
Vision,  655. 

Bigelow,  R.  P.,  elected  Fellow,  653; 
accepts  Fellowship,  654. 

Bigelow,  W.  S.,  Details  of  the  Bud- 
dhist System,  654;  On  the 
Method  of  Practising  Concentra- 
tion and  Contemplation,  by 
Chisho  Daishi,  a  Monk  of  the 
Shuzenji  Monastery  of  Tendai 
Mountain:  translated  from  the 
Chinese  by  Okakura  Kakuzo, 
651;  The  Relation  of  Samaji  to 
the  Normal  Waking  Conscious- 
ness, 655. 


XLI. —  I.  A  Redisposition  of 
the  Sp)ecies  heretofore  referred 
to  Leptosyne.  II.  A  Revision 
of  Encdia  and  some  related 
Genera,  333. 

Bloomfield,  Maurice,  elected  Fellow, 
670. 

Blue  Hills,  Mass.,  U.  S.  A.,  Petrology 
of  the  Alkali-Granites  and  Por- 
phries  of,  201. 

Bogert,  M.  T.,  elected  Fellow,  670. 

Boston  Rotary  Club,  tickets  from, 
652. 

Bouton,  C.  L.,  elected  Fellow,  653; 
accepts   Fellowship,   654. 

Bowditch,  C.  P.,  Report  of  Treasurer, 
659. 

Bowles,  F.  T.,  elected  FeUow,  653; 
accepts  Fellowship,  654. 

Brandes,  Georg.,  659. 

Bridgman,  P.  W.,  Phase  Changes 
under  Pressure.  I.  The  Phase 
Diagram  of  Eleven  Substances 
with  esi>ecial  reference  to  the 
Melting  Curve,  648;  The  Tech- 
nique of  High  Pressure  Experi- 
menting, 625,  654;  Thermody- 
namic Properties  of  Twelve 
Liquids  between  20°  and  80°  and 
up  to  12000  kgm.  per  Sq.  Cm..  1. 

Briquet,  John,  elected  Foreign  Hono- 
rary Member,  671. 

British  Hondurus,  On  the  Gramfnaea 
collected  by  Prof.  M.  E.  Peck  in, 
493. 
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INDEX. 


Br0gger,  W.  C.,  elected  Foreign 
Honorary  Member,  654;  accepts 
Membership,  656. 

Buddhaghosa's  Treatise  on  Bud- 
dhism, entitled  The  Way  of  Sal- 
vation: analysis  of  Part  I,  on 
Morality,  147. 

Buddhism,  Buddhaghosa's  Treatise 
on,  entitled  The  Way  of  Salva- 
tion: analysis  of  Part  I.,  on 
Morality,    147. 

Buddhist  System,  Details  of,  654. 

Bullard,  C.  See  Parker,  G.  H.,  and 
Bullard,  C. 

Bullock.  C.  J.,  accepts  Fellowship, 
647. 

Bumstead  H.  A.,  elected  Fellow,  653. 

Burr,  W.  H.,  elected  Fellow,  653; 
accepts  Fellowship,   654. 

Cannon,  W.  B.,  The  Antagonism  of 
Emotional  States  and  the  Signi- 
ficance as  suggested  by  Recent 
Physiological    Ilesearches,    657. 

Carrel,  Alexis,   elected  Fellow,  670. 

Carson,  H.  A.,  elected  Fellow,  653; 
declines  Fellowship,  658. 

Chadwick,  G.  W.,  accepts  Fellow- 
ship, 647. 

Chandler.  S.  C,  death  of,  652. 

Channing,  Edward,  resigns  Fellow- 
ship, 648. 

Chapin,  C.  V.,  elected  Fellow,  670. 

Christian,  H.  A.,  accepts  Fellowship, 
647. 

Chrj'somelidae,  Laboulbeniales  Par- 
asitic on,  671. 

Circolo  Matematico  di  Palermo, 
thirtieth  anniversary  of,  656. 

Climate    of    New    En^and,    The 
Weather  Element  m  the,  671. 

Clinton,  G.  P.,  elected  Fellow,  670. 

Color  Vision,  Types  of  Abnormal,  655. 

Committees,  Standing,  elected,  668; 
list  of,  681. 

Compositae-Eupatorieae,  A  Key  to 
the  Genera  of.  429. 

Conduction,  On  Electric,  and  Ther- 
mo-electric Action  in  Metals, 
657. 

Conklin,  E.  G.,  elected  Fellow,  670. 

Consciousness,  The  Relation  of  Sam- 
aji  to  the  Normal  Waking  Con- 
sciousness, 655. 

Coolidge.  Baldwin,  presents  litho- 
graph of  Rumford  House,  651. 


Coolidge,  H.  C,  appointed  to  confer 
with  others,  657. 

Coolidge,  J.  L.,  accepts  Fellowship, 
647. 

Coolidge,  W.  D.,  Demonstration  of  a 
New  X-ray  Tube,  devised  by, 
658;  Rumford  Premium  awarded 
to,  668. 

Council,  Report  of,  659. 

Crew,  Henry,  accepts  Fellowship,  647. 

Cross,  C.  R.,  Report  of  the  Rumford 
Committee,  665. 

Crothers,  S.  M.,  accepts  Fellowship, 
647. 

Current,  Steady,  in  the  Primary  Cir- 
cuit, The  Influence  of  the  Mag- 
netic Characteristics  of  the  Iron 
Core  of  an  Induction  Coil  upon 
the  Manner  of  Establishment  of 
a,  671. 

Curve,  Melting,  The  Phase  Diagram 
of  Eleven  Substances  with  es- 
pecial reference  to  the,  648. 

Gushing,  Harvey,  elected  Fellow,  653 ; 
accepts  Fellowship,  654. 

Daishi,  Chisho,  a  Monk  of  the 
Shuzenji  Monastery  of  Tendai 
Mountain,  On  the  Method  of 
Practising  Concentration  and 
Contempkt  ion ,    65 1 . 

Daly,  R.  A.,  appointed  Member  of 
Nominating  Committee,  657. 

Day,  H.  L.,  Observations  of  the  Vol- 
cano Kilauea  (Hawaii)  in  action, 
658. 

De  Normandie,  James,  elected  Fel- 
low, 670. 

Deutsche  Shakespeare  Gesellschaft, 
fiftieth  anniversary  of,  656;  658, 

Dewey,  D.  R.,  accepts  Fellowship.  647. 

Dexter,  F.  B.,  declines  Fellowship, 
647. 

Differential  Equations,  Linear,  and 
the  Allied  Problems  for  Linear 
Difference  and  ^-Difference 
Equations,  The  Generalized  Rie- 
mann  Problem  for,  519. 

Drisko,  W.  J.,  elected  Fellow,  670. 

Duane,  William,  elected  Fellow,  670. 

Dynamo-Electric  Machiner>%  Long 
Distance  Submarine  Signalling 
by,  655. 

Emotional  States,  The  Antagonism 
of,  and  the  Significance  as  sug- 
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rated  by  Recent  Physiological 

Researches,  657. 
Enodia  and  some  related  Genera,  A 

Revision  of,  333. 
EupcUorieae,  A  Key  to  the  Genera  of 

the  Comvositae  — ,  429. 
Eye,    The    Pathological    Action    of 

Radiant  Energy  on  the,  671. 

Famam,  H.  W.,  elected  Fellow,  663; 

accepts  FeUowship,  654. 
Fellows  aeceased,  (11)  — 

Francis  Bartlett,  647. 

S.  C.  Chandler,  652. 

R.  H.  Fitz,  647. 

G.  W.  HiU,  659. 

E.  S.  Holden,  658. 
S.  W.  Mitchell,  652. 
Alfred  Noble,  659. 
Okakura-Kakuzo,  647. 

*       B.  O.  Peirce,  652. 

C.  S.  S.  Peirce,  659. 

C.  P.  Putnam,  659. 
Fellows  elected,  (81)  — 

F.  G.  Allinson,  670. 
W.  R.  Arnold,  653. 

G.  P.  Baker,  653. 
R.  P.  Bigelow,  653. 
M.  Bloomfield,  670. 
M.  T.  Bogert,  670. 
C.  L.  Bouton,  653. 

F.  T.  Bowles,  653. 

H.  A.  Bumstead,  653. 
VV.  H.  Burr,  653. 
Alexis  Carrel,  670. 
H.  A.  Carson,  653. 
C.  V.  Chapin,  670. 

G.  P.  Clinton,  670. 
E.  G.  Conklin,  670. 
Harvey  Gushing,  653. 
James  de  Normandie,  670. 
W.  J.  Drisko,  670. 
WiUiam  Duane,  670. 

H.  W.  Farnum,  653. 
J.  D.  M.  Ford,  653. 
G.  A.  Gordon,  670. 
L.  C.  Graton,  670. 
J.  H.  Hammond,  653. 
J.  W.  Hammond,  670. 
Alfred  Hemenway,  670. 
Rudolph  Hering.  653. 

B.  H.  Hill,  670. 
H.  M.  Howe.  653. 
J.  C.  Hubbard,  653. 
A.  C.  Humphreys,  670. 

C.  C.  Hutchins,  670. 


J.  E.  Ives,  653. 

H.  S.  Jennings,  670. 

E.  P.  Kohler,  653. 

A.  B.  Lamb,  653. 

F.  D.  Lambert,  670. 
R.  S.  LiUie,  670. 

B.  E.  Livmgston,  670. 
Jacques  Loeb,  670. 

G.  R.  Lyman,  670. 
Nathan  Matthews,  670. 
R.  B.  Merriman,  653. 
E.  G.  Merritt,  670. 

D.  C.  MiUer,  670. 

E.  F.  Miller,  653. 
R.  A.  MiUikan,  670. 

C.  L.  E.  Moore,  653. 
H.  N.  Morse,  670. 
H.  V.  Neal,  670. 

W.  A.  Neilson,  653. 

F.  H.  Newell,  653. 
T.  B.  Osborne,  670. 
W.  B.  Parsons.  653. 
Bliss  Perry,  653. 

E.  D.  Peters,  670. 
S.  C.  Prescott,  670. 
Alfred  Rehder,  670. 

G.  A.  Reisner.  670. 

R.  G.  D.  Richardson,  670. 
M.  A.  Rosanoff.  670. 
Eller>'  Sedgwick  670. 

F.  C.  Shattuck,  670. 
Alexander  Smith,  653. 
E.  F.  Smith.  670. 

C.  M.  Spofford,  653. 
J.  O.  Stieglitz,  653. 
R.  P.  Strong,  653. 
W.  H.  Taft,  653. 

E.  E.  Tvzzer.  653. 

F.  H.  VerhoeflF,  670. 
W.  C.  Wait,  670. 
Eugene  Wambaugh,  670. 

G.  C.  Whipple.  670. 
H.  P.  Whitlock,  653. 
J.  H.  Wigmore.  670. 
C.  H.  WiUiams,  653. 
G.  G.  Wilson,  653. 
G.  P.  Winship.  653. 
Owen  Wister,  670. 
J.  H.  Woods,  653. 

Fellows  elected,  declining  Fellowship, 
(4).- 

F.  B.  Dexter,  647. 

A.  B.  Hart,  651. 

C.  S.  Hastings,  647. 

J.  T.  Morse.  Jr.,  647. 
Fellows  resigned,  (2)  — 


Digitized  by 


GooglQ 


Fellows,  List  of,  683. 

Fessenden,    R.   ,A.,    Long   Distance 

Submarine  Signalling  by  Dyna- 
mo-Electric   Machinery,    655. 
Finality  in  Physical  Science,  Absence 

of,  648. 
Fish,  F.  P.,  accepts  Fellowship,  647. 
Fitz,  R.  H.,  death  of,  647. 
Floating  Islands,  648. 
Fondation  Henri  Poincar6,  659. 
Foote,   Arthur,   accepts   Fellowship, 

647. 
Ford,  J.  D.  M.,  elected  FeUow,  653; 

accepts  Fellowship,  654. 
Foreign  Honorary  Members,  elected 

(12).— 

Johann  Oskar  Backlund,  671. 

John  Briquet,  671. 

Waldemar    Christofer    Brogger, 
654. 

Viktor  Goldschmidt,  671. 

Fritz  Haber,  671. 

Sir  Sidney  Lee,  671. 

Alfred  Percival  Maudslay,  654. 

Sir  James  Augustus  Henry  Mur- 
ray, 654 

Walter  Nernst,  671. 

Ignatz  Urban,  671. 

Max  Planck,  671. 

Eugene  Warming,  671. 
Foreign     Honorary    Members,     de- 
ceased, (2), — 

Sir  David  Gill,  654. 

Sir  John  Murray,  659. 
Foreign  Honorary  Members,  List  of, 

695. 
French,    D.  C,  accepts  Fellowship, 

647. 

Gay,  E.  F.,  accepts  Fellowship,  647. 
General  Fund,  660;    Appropriations 

from  the  Income  of,  656. 
Gill.  Sir  David,  death  of,  654. 
Goldschmidt,  Viktor,  elected  Foreign 

Honorary  Member,  671. 
Gordon,  G.  A.,  elected  Fellow,  670. 
Gramineae  collected  by  Prof.  M.  E. 

Peck  in  British  Honduras,  1905- 

07,  493. 
Grandgent,   C.    H.,   accepts  Fellow- 
ship, 647. 
Granites,  Alkali-,  and  Porphyries  of 

Quincy    and     the    Blue     Hills, 

Petrologyof  the,  201. 


Graton,  L.  C,  elected  Fellow,  670. 
Gray  Herbarium,  Contributions  from 

333,  427,  648. 
Gulick.  C.  B.,  accepts  Fellowship,  647. 

Haber,  Fritz,  elected  Foreign  Hono- 
rary Member,  671. 

Hall,  E.  H.,  On  Electric  Conduction 
and  Thermo-electric  Action  in 
Metals,  657. 

Hammond,  J.  H.,  elected  FeUow,  653; 
accepts   Fellowship,   658. 

Hammond,  J.  W.,  elected  Fellow,  670. 

Hart,  A.  B.,  declines  Fellowship,  651. 

Harvard  University.  See  Gray  Her- 
barium, Jefferson  Physical  Labo- 
ratory, Zoological  Laboratory. 

Harvard  University,  Department  of 
Geology,  Meeting  in  conjunction 
with,  658. 

Haskins,  C.  H.,  accepts  Fellowship, 
647. 

Hastings,  C.  S.,  declines  Fellowship, 
647. 

Hayes,  H.  V.,  Government  Owner- 
ship of  Telephones  in  England, 
654. 

Heats,  Specific,  of  Liquids,  An  Im- 
proved Method  for  Determining 
the,  171. 

Hemenway,  Alfred,  elected  Fellow, 
670. 

Hering,  Rudolph,  elected  Fellow,  653; 
accepts  Fellowship,  654. 

High  Pressure  Experimenting,  The 
Technique  of,  625:   654. 

HiU,  B.  H.,  elected  Fellow,  670. 

Hill,  G.  W.,  death  of,  659. 

Holden.  E.  S.,  death  of,  658. 

House  Committee,  Report  of,  667. 

House  Expenses,  Appropriations  for, 
656. 

Howe,  H.  M.,  elected  Fellow,  653; 
accepts  Fellowship,  654. 

Hubbard,  F.  T.,  On  the  Gramineae 
collected  by  Prof.  M.  E.  Peck  in 
British  Hondurus,  1905-1907, 
493;  A  Taxonomic  Study  of 
Setaria  italica  and  its  immediate 
AUies.  648. 

Hubbard,  J.  C,  elected  Fellow,  653; 
accepts   Fellowship,   656. 

Humphreys,  A.  C,  elected  Fellow, 
670. 
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Huntington,  E.  V.,  accepts  Fellow- 
ship, 647. 

Hutchins,  C.  C,  elected  Fellow,  670. 

Hydriodic  Acid,  An  Improved 
Method  of  Determining  the 
Specific  Heats  of  Liquids,  with 
Data   concerning,    171. 

Hydrobromic  Acid,  An  Improved 
Method  for  Determining  the 
Specific  Heats  of  Liquids,  with 
Date   concerning,    171. 

Hydrochloric  Acid,  An  Improved 
Method  for  Determining  the 
Specific  Heats  of  Liquids,  with 
Data  concerning,    171. 

Induction  Coil,  The  Influence  of  the 
Magnetic  Characteristics  of  the 
Iron  Core  of  an,  upon  the  Man- 
ner of  Establishment  of  a  Steady 
Current  in  the  Primary  Circuit, 
671. 

International  Rules,  Some  new  Com- 
binations required  by  the,  492. 

Iron,  The  Maximum  Value  of  the 
Magnetization  in,  115. 

Iron  Core  of  an  Induction  Coil,  The 
Influence  of  the  Magnetic  Char- 
acteristics of  the,  upon  the  Man- 
ner of  Establishment  of  a  Steady 
Current  in  the  Primary  Circuit, 
671. 

Ives,  J.  E.,  elected  Fellow,  653;  ac- 
cepts Fellowship,  654. 

von  Jagemann,  H.  C.  G.,  accepts 
Fellowship,  647. 

Jardin  Imp^riale  Botanique  de  St. 
Petersburg,  celebration  of,  647. 

Jefferson  Physical  Laboratory,  Con- 
tributions from,  1,  115,  625. 

Jennings,  H.  S.,  elected  Fellow,  670. 

Jewett,  J.  R.,  accepts  Fellowship,  647. 

Kent,  N.  A.,  accepts  Fellowship,  647. 

Kilauea,  Observations  of  the  Volcano, 
in  action,  658. 

Kohler,  E.  P.,  elected  Fellow,  653; 
accepts   Fellowship,   654. 

Kutchin,  H.  C,  Studies  on  the  Peri- 
pheral Nervous  System  of  Am- 
phioxus,  659. 

Laboulbeniales  Parasitic  on  Chr>'so- 

melidae,  671. 
Lamb,   A.   B..  elected  Fellow,   653; 

accepts  Fellowship,  654. 


Lambert,  F.  D.,  elected  Fellow.  670. 

Lanman,  C.  R.,  Buddhaghosa's 
Treatise  on  Buddhism,  entitled 
The  Way  of  Salvation:  analysis 
of  Part  I,  on  Morahty,  147.  ' 

Lawrence,  VVm.,  accepts  Fellowship, 
647. 

Lawrence  Scientifique  Association, 
Meeting  in  conjunction  with, 
655. 

Lee,  Sir  Sidney,  elected  Foreign 
Honorary  ^l  ember,  671. 

Leptosyrie,  A  Redisposition  of  the 
Species  heretofore  referred  to, 
333. 

Library,  Appropriations  for,  654,  656. 

Library  Committee,  Report  of.  662. 

Lillie,  R.  S.,  elected  Fellow,  670. 

Linear  Differential  Equations  and  the 
Allied  Problems  for  Linear  Dif- 
ference and  g-Difference  Equa- 
tions, The  Generalized  Riemann 
•     Problem  for,   519. 

Liquids,  An  Improved  Method  for 
Determining  the  Specific  Heats 
of.  171. 

Liquids,  Thermodynamic  Properties 
of  Twelve,  between  20°  and  80** 
and  up  to  12000  kgm.  per  Sq. 
Cm.,  1. 

Lithiimi  Hydroxide,  An  Improved 
Method  for  Determining  the 
Specific  Heats  of  Liquids,  with 
Data   concerning,    171. 

Litters,  On  the  Size  of,  and  the  Num- 
ber of  Nipples  in  Swine,  397. 

Little,  A.  D.,  accepts  Fellowship,  647. 

Livingston,  B.  E.,  elected  Fellow.  670. 

Loeb,  Jacques,  elected  Fellow,  670. 

Lyman,  G.  R.,  elected  Fellow,  670. 

Lyman,  Theodore,  A  Note  on  the 
Life  of  Victor  Schumann,  with 
some  account  of  recent  progress 
in  the  Extreme  Ultra  Violet,  655. 

Magnetic  Characteristics  of  the  Iron 
Core  of  an  Induction  Coil,  The 
Influence  of,  upon  the  Manner 
of  EstablLshment  of  a  Steady 
Current  in  the  Primary  Circuit, 
671. 

Magnetization  in  Iron,  The  Maxi- 
mum Value  of  the,  115. 

Mallorv,  F.  B.,  accepts  Fellowship, 
647. 

Massachusetts  Institute  of  Technol- 
ogy,   Department    of    Geologj', 


Digitized  by 


GooglQ 


Digitized  by 


GooglQ 


INDEX. 


721 


Porphyries  of  Quincy  and  the 
Blue  Hills.  iMass..  U.  S.  A..  201. 
Phase  Changes  under  Pressure.  I. 
The  Phase  Diagram  of  Eleven 
Substances  with  especial  refer- 
ence to  the  Melting  Curve,  648. 
Physical  Science,  Absence  of  Finality 

in,  648. 
Pierce,  G.  W.,  Report  of  Publication 
Committee,  666;   Wireless  Tele- 
phony, 651. 
Plajick,  Max.  elected  Foreign  Hono- 
rary Member,  671. 

Politzer,  Adam,  accepts  Foreign 
Honorary  Membership,  647. 

Porphyries  of  Quincy  and  the  Blue 
Hills.  Petrology  of  the  Alkali- 
Granites  and,  201. 

Potassium  Hydroxide,  An  Improved 
Method  for  Determining  the 
Specific  Heats  of  Liquids,  with 
Data  concerning,    171. 

Powers,  Sidney,  Floating  Islands, 
648. 

Pratt,  B.  L.,  accepts  Fellowship,  647. 

Prescott,  S.  C,  elected  Fellow,  670. 

Pressure,  Phase  Changes  under,  648. 

Pressure  Experimenting,  High,  The 
Technique  of,  625;    654. 

Primary  Circuit,  The  Influence  of  the 
Magnetic  Characteristics  of  the 
Iron  Core  of  an  Induction  Coil 
upon  the  Manner  of  Establish- 
ment of  a  Steady  Current  in  the, 
671. 

Princeton  University,  Dedication  of 
•     Graduate  College,  647. 

Publication,  Appropriation  for,  656, 
657. 

Publication  Committee,  Report  of, 
666. 

Publication  Fund,  661;  Appropria- 
tion from  the  Income  of,  656; 
657. 

Putnam,  C.  P.,  death  of,  659. 

Quincy,  Mass.,  U.  S.  A.,  Petrology  of 
the  Alkah-Granites  and  Por- 
phyries of,  201. 

Radiant  Energy  on  the  Eye,   The 

Pathological  Action  of,  671. 
Rand,  E.  K.,  accepts  Fellowship,  647, 

A  Winter  in  Rome,  648. 
Real  Academia  de  Ciencias  y  Artes 

de   Barcelona,   invitation  from, 

652. 


Records  of  Meetings,  647. 

Rehder,  Alfred,  elected  Fellow,  670. 

Reisner.  G.  A.,  elected  Fellow,  670. 

Resident  Associates,  654. 

Richards,  T.  W.,  and  Rowe,  A.  W., 
An  Improved  Method  for  De- 
termining Specific  Heats  of 
Liquids,  with  Data  concerning 
Dilute  Hydrochloric,  Hydro- 
bromic,  Hydriodic,  Nitric,  and 
Perchloric  Acids  and  Lithium, 
Sodium  and  Potassium  Hydrox- 
ides, 171. 

Riemann  Problem,  The  Generalized, 
for  Linear  Differential  Equa- 
tions and  the  Allied  Problems  for 
Linear  Difference  and  g-Differ- 
ence  Equations,  519. 

Robinson,  B.  L.,  Diagnoses  and 
Transfers  among  the  Sperma- 
tophytes,  502;  A  Key  to  the 
Genera  of  the  Compositae. — 
Eupatorieae,  429;  Revisions  of 
Alomia,  Ageratum,  and  Oxylohus, 
438. 

Robinson,  B.  L.,  Weatherby,  C.  A., 
and  Hubbard,  F.  T.,  Contribu- 
tions from  the  Gray  Herbarium 
of  Harvard  University.  New 
Series.— No.    XLII.     I-V. 

Rods,  Cylindrical,  The  Demagnetiz- 
ing Factors  of,  in  High,  Uniform 
Fields.  657. 

Rome,  A  Winter  in,  648. 

Rosanoff,  M.  A.,  elected  Fellow,  670. 

Rowe,  A.  W.  See  Richards,  T.  W., 
and  Rowe,  A.  W. 

Royal  Society  of  Edinburgh,  Tercen- 
tenary of,  656. 

Rumford  Committee,  Report  of,  665. 

Rumford  Fund,  660;  Appropriations 
from  the  Income  of,  656;  Papers 
published  by  aid  of,  1,  171,  625. 

Rumford  Premium,  713;  Award  of, 
668. 

Samaji,  The  Relation  of,  to  the  Nor- 
mal Waking  Consciousness,  655. 

Schumann,  Victor,  A  Note  on  the 
Life  of,  655. 

Sedgwick,  Ellery,  elected  Fellow,  670. 

Setaria  italica  and  its  immediate 
Allies,  A  Taxonomic  Study  of, 
648. 

Shattuck,  F.  C,  elected  Fellow,  670. 

Sheldon,  H.  N.,  accepts  Fellowship, 
647. 
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Wister,  Owen,  elected  Fellow,  670. 

Woodbeny,  G.  E.,  accepts  Fellow- 
ship, 647. 

Woods,  J.  H.,  elected  Fellow,  653; 
accepts  Fellowship,  654. 

World's  Congress  of  International 
Associations,  letter  from,  647. 

Wright,  Chauncey,  papers  of,  647. 


X-ray  Tube,  de\nsed  by  W.  D.  Cool- 
idge,  Demonstration  of  a  New, 
658. 

Zoological  Laboratory'  of  the  Mu- 
seum of  Comparative  Zoology  at 
Harvard  College,  E.  L.  Mark, 
Director,  Contributions  from, 
397,    569. 
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